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Problems 17 


Notice that A « B* = —2jand thal (A(t) + B({}) = {1/2)Re{A - B*| - 0. We should 
also note that A+ B = 0 and that A(t) - B[t) - 0. Thus, the two tlme-domain vectors 
are always perpendicular to each other. 


Example 1.20 

Solution: 

Problems 
11 
1.2 
1,3 
“1,4 


1.5 
1.6 


1.7 


1.8 


1.9 


“1.10 


Consider the two veclors A - + jy and B ~ &4 jy. (They are actually the same 
vector.) We find that A x B = 0 and that A - B = 0. Are the two vectors parallel to 
each other or perpendicular to each other? 


Consider instead A x B* and A- B*. We find that A x B* = —22jandthalA- B* = 2. 
Thus, (A(t) x Bit}) = 0, and that (A(t) + B(!)) = 1. Furthermore, A(t) x B(t) = 0, and 
A(t)+ Bit) — 1. Thus, the time-domain vector is parallel ta itself all the time. 


Leta - 8 + j2andb ~ —3 + j, Calculate (aja + b, (b)a — b, (c) ab, and (d) a/b. Give 
the answer in real and imaginary parts 

Repeat (c} and [d} in Problem 1.1 with the answer given in phasor form. 

Find the real part, the imaginary part, and the magnitude of e’"', where w and tare 
real numbers. 

Let c be a complex number. Are the following statements always true? 

(a) (c } c*)is real. 

(b) (c¢ — c*] is imaginary, 

(c) c/c* has a magnitude equal to 1. 

Consider the equation z° ~ 1 + j. Find twa values of z that satisfy this equation. 

Let a be a real number, and let |ul « 1. Show that the square root of [1 + ja) is 
approximately equal to «(1 + ja/2) 

Let a be a positive real number, and let a » 1. Show that the square root of [1 + ja) is 
approximately equal te +(1 4 j)(a/2)'* 

Obtain the phasor notation of the following Ume-harmonic functions (if possible): 
(a) V(t) = Gcos(wt + #/4) 

(b) f(t) -— ~8 sin (wt) 

(c) A(t} =3sin(wt)  2cos|[wt) 

(d) C(t) = G6 cos (120xrt — 7/2) 

(ae) Dit) = 1 — cos (wt) 

(f) Ut) - sin (at + ©/3)} sin (wt + </6) 

Obtain C(t] in terms of w from the following phasors: {a)C = 1 + j.(b)C - 4 exp [j0.8}, 
and jc) C = 3 exp |jr/2) + 4 exp [j0.8). 


Show that, if V - r+ jx and U = g + jy, then V(q\U(t) = Re{[VU e*"}. Find the 
correct expression for V(t)L[t) in terms of r, x. gy, and wt, 
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18 1 Gamplex Veclors 


LetA = —8& + 99 — Zand A — 28 — 4% » 32, Find (a)A + B.(b) A — B,(c)A - B, and 
(d)A x B. 
Find the angle between A and B that are given in Problem 1.11 
Show that for 
V(t) — V, cos {wt + | — RefV e*} 


a 
V(t) = joV 
at 


Find a vector C that is perpendicular to A - —8& + 99 — 2, has no 2 component, and 
has a magnitude equal to 1. 


Find the vector C that is parallel to A = 5% — 8} + 22 and has a magnitude equal 
lo] 

Find a unit vector A that points in the same direction as an arrow drawn from 
point A to point B where the rectangular coordinates of A and B are (1,0,2) and 
(-1,3, - 2), respectively. 


Show that the definition of the dot product V-U given by (1.10a) is equivalent to 
that given by (1.10b). ‘To simplify the algebra, you may choose the coordinates so 
that the x axis is along V and the z axis is perpendicular to both V and U, In other 
words, let V = aXand U=b + cf. 


Prove (1.11b) using the approach suggested in the text. 


Show that the definition of the crass product V x U given by (1.12) is equivalent to 
that given by (1.14). To simplify the algebra, do what is suggested in Problem 1.17. 


Figure 1.20 shows that a vector V is along the x axis and a vector U is on the x-y 
plane forming a 135° angle with the x axis. The magnitudes of these vectors are v 
and u, respectively. Use (1.14) to express V x U in terms v and u. Now, we can also 
say that the angle between V and U is 225°. Use (1.14) and explain why the vector 
V x U is the same whether or not we choose the angle between them to he 135° or 
225°. Hint: Follow the right-hand rule. In determining the direction vector 4, your 
fingers must always point from V to U in the direction you measure the angle be- 
lween them, 


Prove (1.15) using the approach suggested in the text. 


Find the phasor notations of the following time-harmonic vactors: 
(a) V(t) = 3cos {wt)& + 4sin (wt)¥ + 2cos (wl + /2) 

(b) E(t) = [3 cos (wt) + 4 sin (wt)|% + 8[cos (wt) - sin (wi)]2 

(c) H(t) = 0.5 cos (kz - wh 


Find the phasor notation of the following vector: 
C(z,t) = (3/8t) Elz, 0) 
where E is given in Prohlem 1.22(b). 


From the following complex vectors. find C(t} in terms of wt (a) C = & — j¥. (b) C = 
j(2 — {¥), and (c) C = exp{—jkz)& + j exp [jkz)¥. 


Prohlams 19 


1.253 LetA ~ & + jf + [1 + j212,and let B= —& —(1 ~ j2)} ») j2. Find(a)A + B.[b}A —- B. 
(c) A+ B. and (dj A x B. 


z 


Figure P1.20 


1.26 Find A+ A’ and Re{A » B*} for the values of A and B given in Problem 1.25. 


1.27 Sketch the trace of the lip of the vector A(t), where {a} A = & ~ jp and where (b] A ~ 
4& + j3P. 

1.26 Calculate A - B, given A = & + j2f and B~ 2% 4 jp. Are A(t) and Bt) perpendicular 
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Let A = 58+ 6yzp + x2; find T x AandV-A, 
Lal @ = xyz: find Veand V - Ve 


Leta = a,% + a,¥ + a2 and b = b.& + h,f + b,2. Show that equatiuns (2.9), (2.1 1a), 
and (2.12) are true. 


Show that T x (a + b)-V xa+U0 x band¥-(o + b)-¥-a+7-b. 
Show that U[#, #,) -— 6 0 d, + #7 and thatd -(@A])=2A-Vbs 9.-A. 
Show that T x [@A]- TEx A+ SV KA, 
In a source-free region. H = zy + yz. Does D vary with time? 
What is the charge density in a region where D = 2xx? 
Find the magnetic field B(y,t) associated with thé electric field Efy.t) given as fol- 
lows: 
Ely.) = 0.3 cos(wt + ky) 
where w and k are constants. 


Express k in terms of the magnetic permeability and dielectric permittivity of the 
medium when the electromagnetic fields are given in Problem 2.9 in a source-free 
region. 

Let E,, B,. H,, and D, satisfy equations (2.1|-(2.4} with given J, and p,,. Let also E,, B,, 
H., and D, satisfy equations (2.1}-(2.4) with given J, and p,.. What are the electromag- 
netic fields due toa current J, and charge p,, where J, = J, + Jy and py = py; + Pe? You 
must show that your proposed solution satisfies Maxwell's equations. What is the 
appropriate name far the theorem you have just proved? 


~ 2.42 


"2.14 


2.23 


36 2 Maxwell's Equalions 


(a) It is known thal the veclor a is equal to zero at one point. Does that imply that 
Vv x a ~ 0 al that point? Give a counter-example if your answer is no. 

(b) Does E = 0 on a line always imply V x E = 0 on that line? Give a 
counter-example if the answer is no 

{c) It is found that the E field is zero on a surface. Does it follow that 6B/éat - 0 on 
that surface? 


Show that equations {2.22c) and (2.22d) can be derived from equations (2.22a), (2.22b], 
and the conservation equation (2.28). 

To represent tima-harmonic fields, must physics boaks use the factor e “' instead of 
e*', which most electrical engineering books use. For a time-harmonic reul function 
AQw y, 2. U = a[x, y, 2) ens lot + 4), find the phasor nolution that corresponds to the 
physicists’ convention. What is the corresponding conversion rule by which phasors 
can be transformed back to the real-time expression? 


Refer to Problem 2.14 about the notation e~ adopted in most physics books. 
Write the time-harmonic Maxwell's equations using that notation. 


What is the range of effective permittivity of the ionosphere at AM broadcasting 
frequencies? Use the following data: N = 10 m~* and f = 500 kHz to 1 MHz. 


Show that the dimension of each term of equation [2,36] is walls per cubic meter. 
Indicate in watts, meters, and joules the dimensions of the following quantities: 
(a) E - D, (hb) HW - A, and (c) S. 

Let E ~ (x + jy)e “and H —(p — j&) e~*. Find S in terms of z and wt and find <S>. 
Show thal S # Re {E x He*). 

Show that S # Re [Ee x He}. 


Compare the energy stored in a cubic region one meter on a side which has a 
uniform E field of 10° V/m to the energy stored in a similar region with a uniform B 
field of 10‘ G. (One G = 10 ‘ Wb/m*). The medium is air. 

Repeat Problem 2.22 for the case where the medium is water instead of air. Use 
¢ = BOe, and pz = py for water. 
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Figure 3.11 Various comet shapes drawn on 
silk found in China. These figures were 
painted belween 246 lo 177 B.C. Below these 
figures are Chinese names for these cumets. 
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3.3 


3.4 


3.5 


3.6 


3.7 


-3.8 


Estimate the power density of electromagnetic radiation from tha sun received on 
earth in the same frequency band as that of the VHF television channel 2 (54-66 
Miz). 


Consider the sun as an isotropic radiation source. Calaniate the total power radiated 
by the sun in the lelevision channel-2 frequency band (see Problem 3.1]. The 
distonce between the sun and the earth is approximately 1.5 x 10° km. 


Assume thal solar radiation is isolropic. Estimate the total power radialed by the 
sun The solar power density received on the earth is 1.4kW/m*. See Problem 3.2 
for other data. 


Derive (3.55) from (3.5a), assuming that E = E, %, and E, is a function of z only. 


The star a Centauri is approximately 4.33 light-years distant from Earth. A Tight-year 
is a unit of length that is the distance a light wave covers in one year. How dislant is x 
Centauri in kilometers? 


An electromagnetic pulse is sent from an earth station to the moon, and the reflected 
pulse is received 2.56 s laler. How far is the maon from the Earth? (An electromag- 
netic pulse consists of a wide spectrum of electromagnetic waves at different 
frequencies.] 


Find the S! unils of the following quantities assucialed with u uniform electromag- 
netic wave: {a] w, (bj Kk. (c) f. (da) T. and (e) A. 


A heliurn-neon laser emils light at a wavelength 6.328 x 10°’ m in air. Calculate its 
frequency, period. and wave number. 


3.9 


-3.16 


3.12 


-3.13 


-4.14 


~ 3.15 


3.16 
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Figure P3.9 shows a dipole antenna. It is very effective in receiving television sig- 
nals when its length is approximately eygual to one-half the signal wavelength 
What are approximate antenna lengths for receiving signals far the following: {aj 
Channel 2 { f = 57 MHz) and {b) Channel 13 ( f = 213 MHz)? 


} 


Antenna 


Figure P3-9 


‘T'wo-wire 
transmission 
line 


The following set of electromagnetic fields satisfies the lime-harmonic Maxwell's 
equations in free space: 
E- F,e™*™s 
and 
H-H,e'¥ 
Express H, and k in terms of Ey and « and pp. 


No the fields in the previous problem represent a uniform plane wave? In what 
direction does the wave travel? Find its velocity and determine the time-average 
Poynting vector (S) 


The Federal Communications Commission af the United States requires a minimum 
of 25 mV/m field intensity for AM stations covering the commercial area of a city. 
What is the power density associated with this minimum field? What is the intensity 
of the minimum magnetic field H? 


Study the following E field in a source-free region: 
E=xE,e°™ 


Does it satisfy Maxwell's equations? I so, find the k and the H field. If not. explain 
why. 


Show that in (3.13), if @, — ¢, ~ 7/2 and a = b, the wave is right-hand circularly 
polarized. 


Find the polarization (linear, circular, or elliptical and left-hand or right-hand) of the 
following fields: 
(a) E-(je + y)e™ 

(b) E=((1 + jf) + (1 — jjz]le™ 

(c) E~[(2 + jJ%+(3 —jlzje™” 

(d) E = (jx + japje"™ 

Show thal, if @ = band ¢, ~ @, - «/4, the wave is elliptically polarized. (Refer to 
{3.13].] Do not try lo obtain an analytical expression for the locus, Just obtain a pair of 
parametric equations similar to (3.14), calculate E, and E, at ten points (wt = 0, 10°, 
, 90°), and sketch the locus. 


n Plane Waves Problems 67 
television sig- 
al wavelength. 
: following: (a) 


3.17 Show that an elliptically palarized wave can be decomposed into two circularly 
polarized waves, one left-handed und the other right-handed. Hint: Let 
E ~ [ax + by) e™™, 
where a and b are, in general, complex numbers. Then, let 


th ke 


E - (ax j ja’vje ™ + (bX - jb'fle' 


and solve for a and b’ in terms of a and b 


- 3.48 Show that a linearly polarized wave can be decomposed into two circularly 
polarized waves. 

3.19 A dipole antenna is in the x-y plane and makes a 45° angle to the x axis. A receiver 
attached to the antenna is calibrated to read directly the component of the E field 
that is parallel to the dipole. What are the readings when the fields are those given, 
in (a)-(d) of Problem 3.15? 


-3.20 An electromagnetic wave in vacuum has frequency fy, wavelength \,, wave number 
; : k,. and velocity v,, When it enters a dielectric medium characterized by up and € — 4¢,, 
ac Maxwell's what are the f, A, k, and v of the wave in this medium? 

-3.21 Aluminum has ¢ = & # = ge. and « = 3,54 * 10° mho/m. If an antenna for UHF 
reception is made of wood coated with a layer of aluminum and if its thickness ought 
to be five times greater than the skin depth of the aluminum at thal frequency, 
determine the thickness of the aluminum layer. Is ordinary aluminum foil thick 
enough for that purpose? Lise f « 1 GHz. Ordinary aluminum foil is approximately 
1/1000 in. thick. 

ive? In what 


' 3.22 Calculate the attenuation rate and skin depth of earth for a uniform plane wave of 10 
time-average 


MHz. Take the following data for the earth: « = uy, ¢ = 4e,, and e = 10 ‘mho/m 


3.23 Find the power density in earth where the field intensity is 1 V/m. Use the data in 


8a minimum Problem 3.22. 


rea of a city 
the intensity 4.24 Suppose that an airplane uses a radar to measure its altitude. Let the frequency of the 
radar be 3 GHz. Suppose further that the ground is covered with a meter of hard- 


packed snow. 


Airplane 
not, explain im oe 
| I 
id circularly Y 
l 
hand) of the | | 
h | A Figure P3.24 
| Aw 
| 
. Snow 
ae 
“hs 7 77 Ground 
d. (Refer lo 
iin a pair of 
wi - 0, 10°, 


(a) What is the difference between the apparent altitude measured by the radar and 
the true altitude? 
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{b) How much attenuation in dB does the radar signal suffer because of the snow? 
Consider only the attenuation of the wave in the snow, and neglect the effect of 
snow on the reflection at air-snow and at snow-ground interfaces. Refer to Fig- 
ure P3.24. Usee = 1.5e,and tan 4 = 9 x 10°“ for hard-packed snow at 3 GHz. 


The following data are given fora uniform plane wave in a dissipative medium: 


(i) amplitude of E, at z=Ois 1 V/m, 

{ii) phase of E, atz=Q is zero, 

(iii) k = 0.6-j 0.5 (1/m), 

(iv) direction of propagation is in 4, 

{v) intrinsic impedance of the medium is 1+j ohms 


{a} Find the phasor expression for E, as a function of z. 

(b) Find the phasor expression for H as a function of z. 

(c) Sketch FB, at z= Oand at z= 2.1m. as functions of wl. 

(d) Sketch the time-domain H fields at z =O and z=2 mas functions of wt, 


Censider that a small space vehicle with 100 kg af mass is Jocated in outer space 
where the gravitational field is negligible and the fuel has been exhausted. A 
searchlight of 1 kW is turned on, with hopes that the vehicle will gain some speed. 
How much speed will it finally gain if the searchlight can Jast 48 hours? Hint: The 
light wave carries radiation pressure, and there is a reaction force on the source of 
the light. 


An ice particle of radius a is r distance away from the sun. The gravitational force 
acting on the particle is given by (3.46). The ice particle's mass can be obtained 
from its volume and its density which is assumed to be 1 gram/em”". The ice parti- 
cle is also subject to radiation pressure which is given in (3.47). The force acting 
on the ice particle due to radiation pressure is approximately equal to the crass- 
sectional area of the particle times the radiation pressure. Show thal, when the 
particle's radius is less than a critical value, the radiation force will be greater than 
the gravitational force, and this critical radius is independent of r, the distance 
from the sun. As a result, all particles with radii smaller than this critical radius 
tend to be blown out of the solar system. Find the value of this critical radius. 
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Figure 4.23 To receive linearly polarized! 
electromagnetic waves, wire gralings may re- 
place metal plates for reflector antennas. 


Thus, 
me 
i< 5 er (4.54) 


Note thal the current flows in the § direction and that no current flows in the 
& direction. In fact, if the conducting plate is replaced by a grating of parallel 
conducting wires arranged in the ? direction, these wires also serve as a 
reflector that is as effective as a solid conducting plate. Experiments have 
found that grates are effective when the spacing of the wire in the grate is 
much smaller than the wavelength of the wave. Grates are used instead of 
conducting plates to reflect linearly polarized electromagnetic waves 
because they reduce weight, save material, and decrease resistance to wind. 
Rased on these considerations, some reflectors use wires to replace metal 
dishes for transmitting and receiving electromagnetic waves. An example of 
such a structure is shown in Figure 4.23. 


-4.1 The E field measured in air just above a glass plate is equal to 2 V/m in magnitude 


and is direct at 45° away from the boundary, as shown in Figure P4.1, The magnitude 
of the E field measured just below the boundary is equal to 3 V/m. Find the angle @ 
for the E field in the glass just below the boundary. 
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Perfect 
canductor // 


Figure P4.2 


The H field in air just ahove a perfect conductor is given by 


H, = 3% | 4% amperes per meter 


as shown in Figure P4.2. Find the surface current J, on the surface of the perfect 
conductor, The conductor occupies the space y < 0. 


Match the following descriptions with the figures shown in Figure P4.3. Fields are 
neur the interface but on opposite sides of the boundary. 


(a) medium 1 and medium 2 are dielectrics with «, > ¢, 
(b) medium 1 and medium 2 are dielectrics with 6, < ¢ 


(c) impossible 
(d) impossible 


(e) there is a positive surface charge on the boundary between two dielectrics 


(t) medium 2 is a perfect conductor 


Figura P4.3 
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Calculate the critica] angle 6, of an air-glass interface similar to the interface shown 
in Figure 4.8. The dielectric constant of glass at optical frequencies is 2.25 times that 
of air. 


A pearl is embedded at the middle af a cubic heavy-lead glass [e, = 3.6). Is it possible 
to cover a portion of the surface of the cube so that from outside the pear! will not be 
seen at any viewing angle? If so, find the shape and the minimum area of the cover 
{in terms of the cubic surface area}. Hint: consider conditions of total reflection, and 
neglect multiple internal reflections. 


in the three-media configuration shown in Figure P4.6, the wave numbers are k,, k,, 
and k,. Find the transmission angle in medium 3 in terms of 6, and the wave 
numbers. Assume all k's are real. 


Figuro P4,6 


z 
w--- et nee > Pigure P4.7 
« Glass rod f~ Light beam 


Solid-state lasers (ruby or glass) are often fabricated of rods with the ends bevelled at 
the Brewster angle. Let ¢ = 2c for the rod. Sketch the proper arrangement af the 
external mirrors and their angles. Indicate the hevelled angle of the glass rod. What 
is the pularization of the output of the laser beam? (See Figure P4.7.) 


A parallel-polarized wave is incident from medium 1 on the plane boundary 
between medium 1 and medium 2, Hoth media are dielectrics with 4, =- uw, = wy and 
real permittivities ¢, and «,. We know that, when the incident angle is larger than the 
critical angle @,, no time-average power is transferred to medium 2. Also, when the 
incident angle is equal to the Brewster angle @,. the reflected power is zero. Now 
imagine a situation in which the Brewster angle is greater than the critical angle. A 
wave incident at the Brewster angle will not be reflected, becuuse the incident angle 
is equal to @,, nor will it be transmitted, because the incident angle is greater than 4, 
is this situation possible? Why? 


Consider an electromagnetic wave of 1 MHz impinging al 60° on the ionosphere. 
This case is similar to that shown in Figure 4.13. Assume the the plasma frequency of 
the ianusphere is w, = 24 x 9 x 10° rad/s, and plot|E|asa function of z (like in Figure 
4.14). Mark the scale of z in meters. Solve only for the case of parallel polarization 
with E, ~ 1 V/m. 
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Figure P4.10 Figure P4.11 
-4.10 A perpendicularly polarized electromagnetic wave impinges fram medium 1 (char- 
acterized by yw, = wy and «, = 4e) lo medium 2 (characterized by p, = yy and 
é) = &). This siluation is shown in Figure P4.10. \ ay 
(a) What is the critical angle? y £3 % ie 
(b) Let the incident angle be 60°; find k, and k, in terms of ky = w vine. 
(c) Find k,, in terms af ky. 
(dj) In the second medium, find the distance z af which the field strength is 1/e of 
F that at z = 6' 
te) Find|R,|and the phase shift arg (R,). h, 
- 4.11 A uniform plane wave in air impinges normully on a dielectric wall. The magnitude 
of the total E field measured in front of the wall is shown in Figure P4.11 
? (a) What is the permittivity of the dielectric wall? Assume pw. — uy. 
(b) What is the frequency of the wave? 
4.12 A uniform plane wave in air impinges on a lossless dielectric material at a 45° angle, 
as shown in Figure P4.12. The transmilted wave propagates in a 30° direction with 
respect to the normal, The frequency is 300 MHz. 
elled at = F ‘ 
(a) Find «, in terms of «,. ; ee 
of the (b) Find the reflection coefficient Ry; Meadions 7 ; Medan 
1. What (c) Obtain the mathematical expressions for 
the incident E field, the reflected E field, 
undary and the transmitted E field. 
wy and (d) In hath media, sketch the slanding wave 
han the pattern of | Ex ,,u)|as a function of z. 
ven the | 
n, Now 
ngle. A { 
tangle 
than 6. Figure P4.12 
4.13 Fortwo isotropic media with x, * uw, and «, # 4, find the Brewster angle for both the 
—_ perpendicular polarization and the parallel! polarization 
i i 4.14 [fa wire antenna is allached parallel to the metallic surface of a vehicle and is 
le insulated from the surface by a thin layer of dielectric material with a thickness ' 


approximately equal to 1 mm, would it receive an AM signal (f = 1 MHz)? Hint Wire 
antenna interacts only with E field in the direction of the wire. 
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Lt is known that the transmitting antenna of an FM station is located in the direction 
perpendicular to a metallic plate, as shown in Figure 4.15. The frequency of the 
signal is 94 MHz. 


(a) Where should a receiving antenna be placed to receive maximum signal? The 
antenna is a dipole thal interacts with the E field. 

{b) If the amplitude of the incident E field is 1 V/m, what is the amplitude of tha 
E field at this optimum position? 


It is found that by placing a conducting plate 0.8 m behind a dipole antenna, the 
received signal coming from the normal direction is twice as strong as the incident 
field. What is the frequency of the signal? What would the strength of the total F field 
be if the frequency of the wave is changed to 98 MHz while the antenna is still 
placed 0.8 m from the plate? 


What would the E field be if the receiving system in Problem 4.15 were to detect a 
wave coming in al an angle 10° off the normal? Assume that all other parameters 
remain the same. 


Derive (4.53). 


For a paralle|-polarized uniform plane wave impinging on # perfect conductor at an 
angle @. find the electric and magnetic fields E and H for the incident and for the 
reflectad waves 


Consider a 90° “corner reflector” shown in Figure P4.20. [IL is made of two 
conducting plates placed perpendicularly to each other. A uniform plane wave with 
E = 2E, exp{jkx cos @ + jky sin 6) impinges on the structure at an angle 6. Show that 
the total electric field is E = ~24E, sin(kx cos @) sin (ky sin 6). Hint: The field is the 
sum of four waves with four k-vectors shown in Figure P4.20. 


Use the formula given in Problem 4.26 for the total electric field. Find the optimum 
position of a dipole antenna placed in fron of the 90° corner reflector. The @ angle of 
the incident wave is 30°. The frequency is 100 MHz. Express the position in x — y 
coordinates in meters, What is the “gain” of this receiving antenna? Gain is defined 
as follows: 


Gain = 20 logy, |— {dB 


“a 
where £, is the & field al the antenna position and &, is the field strength of the 
incident wave. 


Figure P4.20 Top view of a 90° corner re- 
flector and the four k-veetors. 
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Match the following descriptions to the standing wave patterns shown in Figure 
P4,22. The incident wave in medium 1 has an amplitude equal to 1 V/m. Note: 
There are three patterns that do not fit any of the following descriptions. Cross out 
these palterns, 


(i) Plot of | By joy |. with medium 7 being air. medium 2 having ¢, = 4¢) and yp. = 
ty. Normal incidence. 
{ii} Plot of | Ey som |. With medium 1 heing characterized by €, = 4e, and yp, = po, 


and medium 2 being air. Normal incidence. 
(iii) Plot of | E, oe |. with medium 1 being characterized by ¢, = 4e, and pw, = po 
and medium 2 being air. The incidence angle is greater than the critical angle. 
(iv) Plat of | Ey a0 |. incidence angle is equal to the Brewster angle. 
(v) Plot of | E, ira |» incidence angle is equal to the Brewster angle. ¢, is greater 
than e,, 
(vi) Plot of | Ey ui |- Medium 1 is air and medium 2 is perfect conductor. 
(vii) Plot of | Hy jorar | (7,). Medium 1 is air and medium 2 is perfect conductor. 


Consider the case of normal incidence of a uniform plane wave on a perfect con- 
ductor as shown in Figure 4.15. It can be seen in (4.47) that an oscillating current 
is induced on the surface of the conductor. Therefore, the following expression 
may be written for the velucity of a charge on the conductor: 


v = ¥dqE, cos{ut - kz) 


The above equation is exactly the same as Equation (3.39). Continue to work along 
this line and prove tha! the time-average radiation pressure on the perfect conduc- 
tor is two limes that given in (3.45). 
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% of Cover arta a LOZ x /00), = 30.2% 


4.6 é Snel, Law! Ay$in 8, = hy $n B= hy Sin by ee} Oy sini! (Gt Sin8) 
4.7 


71, $or Of M1 Cor Be 

Oye Ben if Oy rs the Brewster angle. 

1 Sm Og *(ZSRCZ-O [ET es0, Oye ten Zw 54.7% 
es y= 8g % 54.79 art G44 OF = 90°-56,7% a 35.5° 

48 being vetted Brewster angle (05) always fess Han ertital angle (Gc): 


asta, nef, gh Es ase 
g 


44 y=fe, 6 *bo s Atte. €,= ol 1- EE vere me 
Ake R12Ajffoko, Aye bySnboa Shy, hyn hcesbom the, keys -ifm75 ko 
a fot er Te sky weer | 
[Evel = He PE) ee 2243] = HCE /B) 1-080 le pice dtr giAi] (at Kiss) 
LEg)= He (BE) Sel? | = HEA ivee re) = Zine rere? | 


[Eoxl= Hs | {apt ||Ta/ e” to75 4} = H, (BEE) i, five FO") -V8075 403 a BAS I FFT g — (g0.75404 
- (>. aJ35. ~ [9075 &F yo. 4, 
[Exg)= He (apes =, (EIB) ore eB ive ee ; 
oe tel 
idee - 
aaa 
a1L 
ASIA OFA = LTITA BIA (Sry! + 
9.19 (a) sinmbe= {ig = hy + O07 $0° 


(b) by= by Sinbo%= af, Sa (Sho, By Hh, as b0%= Zhoy =ho 
(Cy hey? CA by yt = (hgh sht vie jhe (4) 3,2 1/C ke) 


fey fz 9 
(€) Ry = te = gil 
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4 


| BY (a) b= fate, Ayo, ky* ie) #,~ W/e,, hey Phd = Re 


Mormel empinging : E'. y E, e It : Eran Y Er£> ee , 3 
Ay hj -at bey Ze - lbs tat 32h; 
& = Ay hy tA ty oe ] LE, [ =fEo|f t+ Fre | \ 


Tete JEI=1; at Jeo, (6 /x age [irae | > tlle [totlh, -- fy" 90 
Cb) E|mox occurs at Z2-1m > SPA nie be egual tO -1 (Since ky <0) 
24,297 ow w= F— > frp v.75xj0% 4, 
4J2 (a) 1, sins? =m $/n30° => Eee ZE, 
Cy kh, hee rehe, kyozeh. i by fake, hey* [hubs {Zh 
Re = = 0072 , Ty =/+ky =/072 


2- 
2e+/3 a 
(c) E'eA(¢-3 ympye Ja CME+ bed) 
oa = 
E22 S- 3X My, a 43) 
o Et. 25H rs e-3)(m),)e oF eke {5 03) 


2 


a) [En = cecHre)| 0.072 CFA! 5 JE, [= FE (08 169CHoI) = 0.65% (elo) 
[Gy] (iw He, unit ) 


0.756 
0.656 


3 
oe 7 ars a 
$3 kp=0 > Aiko kj hey => Uy h, 0505 =hif be bons 
BH; blo" G = 1, by ~ 1 hy in Oe 26 7b 24)? +1 hj los7B, 


F hth st ut L,-Le£ =j 
. Costy, = Aaa Ak Suhre Bi)  O = 0697! [AOGHG-AG) 
As 67 de? 1 CA? - Ar) 7 Er (Ay 47) 


whe} rs 2 
Kyz=0 => Erky= hes = 6,703, © 1b 8h in By 2 Bb Eb pe ethios B, 
— ee 342 
Shed “. CO37G = i Fial fee/ sh gw cos [BE Oih ebD 
& 4; -& 4, Pi lt, - 2, p) Paley 6,4) 


4 fz10eny, A= 300m , dejmmea(l© Yy09)h 8 3.33x0%A 
Eten ® 2E (Sin (Rd) © DE, Sin ( 20 x 35,3310 Ye hay SE, 
E£, being the field in air im absence of rhe ear. 

#4IS (a) f= TENAY = EBM 4. receiving antenna should be Located at Jz-pe-toce 
(hy JE ™ = 2/E] = 2 Vr 


é 
Alb [f= 21Es|Sin(h}) , deogm, f= A 2 208 


+ FEL PIE 2 Sim( 2.054 6,9) =A99S Ee] 


a5” 


4.17 /E/=2/Eo{ Si (hy), a; = & Cos/o° 
JE [= 1B [D810 7.969 # 0.8% oslo) =/,9996 /Eo/ 


; 
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4.18 eae ae Ha PE w AE (2b cosh 3 F05by)84, 3) 98 


> ee wjhyX 2E, 
ey fy _4 Bs casy g IktED 


4.19 
pL ote Perfect Conductor Rye ¥ Ty =0 
Ry= RsmO, 432 #to30 
B's 1 Ho 2 4KUAG -jhICLSO 
£ Ete (kt0s6- B Sin B Ye yo IAKSinD -j R509 ye 
rig 2M eo bhX ond +) RZ L038 
pers, jh 30058 
E Ws -(ht058 + BSN O)MoDE Jed ae) 
4,20 &; = h00S8-¥ hind , Ry=-KkwsarPhsing 
ha = XCOSO-YRSnB, Rp = KASO+IRTAO 5 — Ry =~! 
Ez! s So, CIA OSB tj RG Sin B : Bt o(u)z E, ei 8X Coxe ~jRYSin8 
= A ~j 6X iAYSin@ J in 
Panisne er. Bak eer 
= 51 za sv Fria . Ue 
4 s 4 E+E wes oe dale Ca faa ph Ysin I es =e JRA RSG 9 hy snd eis) 


zt E, ee @) = FC4IEo) Su ( R¥WSB) Sin (A YS 8) 
421 f= /O0MAy => ga Se al » 730°. Se Set , C056 = > 


B= 2648,) sm (Barz) sm (Fy) 
y(n) 


Kel 87m 
J=15m 


Xim) 


| ~hy 
fa ty Rp= oe Ed 


leyeaad a pro: It Ry = AZ 
LE tetas | PROX mum | It Ry} c 4/3 


by totes | Yar pr pur : I-]R,] = yj 


Standing Oe pattern : left Column, $th row 
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IY Sie . )) 
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422 (continued ) 

Gi) kyo % pattern: left column, third row 

Gi? tefal reflection | [RI =] , modvum 2 £ field must have exponential 
decay characteristics , medium | E field will have paremunt ve lane 
cpanel to 2 and min man yer: Patlern right column, 
Firct cour. 

WW) ttal transmission , 0 redkchin , lE/field we a Gnstanl sn 
both meckum | enol medium 2 Pattern: right Column, third rat, 

(v) total transmissim, no reflechivn, 1B) Sield ss) Constant sn pediun / 
ed is equal ty anether constant tn medeum 2 Phi ratio shenla be 
[Ey 1 yl = & Ly <1. Patterns right colama, fourth row’, 


(vr) M E Kteol# ia Peale DL, le pera tl o «ft 3 a. 
Pattern : lest tlamn, five row, 


(Vi) Me Keld in medun 2. iH, roms / 7 1S maxsmum <1 2? ? 
Jattery: Soft wlamn , Pifrh row, 


-_ 


Fe tvxBs $(zadgrl, /q, ) ws (ut- &) 
{ 7A: ie wo Jit phe frrun nh 2 atic (7. 4e sae 


Fe Housing the denivetinn gives in tha tut , one obtains 


- L - 
pee €S3 


as 


ne 
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Using (5.45), we obtain 


: . ~jk 
Hic kage as ye 
az p 


Example 5.8 
Calculate the total time-average electromagnetic power transmitted along a coaxial 
line when the fields are given by (5.48). 
Solution: The time-average Poynting vector (S) is given by 
7] i Vo a Vy V3 
(S) = -RefE x H*] = = Rei—e “fax ge) = t— 
2 2 p 1 2np 
Therefore P = (x V2/n)/In(b/a). 
Problems 


“§.1 Show thal the complete fields of the TE wave in a parallel-plate waveguide are given 
as follows 


F, — Ey sin k,x e 
-k,E, . 
H, =< —— sin k,x e~"* 
arp 


jk. Ey 
wy 
E, = 0; E, - 0; H, - 0 
5.2 Find the complete fields of the TM wave in a parallel-plate waveguide. 


-3.3 What is the lowest frequency of an electromagnetic wave thal can be propagated in 
the TE mode in the earth-ionosphere waveguide? Mode] the latter as two perfectly 
conducting parallel plates separated by 80 km. 


H, = cos k,xe % 


- §.@ Find the surface-charge density », on the upper and the lower plates of a parallel- 
plate waveguide for (a the TE,, mode, and (b) the TM,, mode, 

-§.5 Find the mathematical expressions for a ‘TEM wave in a parallel-plate waveguide 
thal propagates in the 2 direction (see Figure 5.1). Sketch the parallel-plate 
waveguide, and indicate the directions of E, H, and J,. 


-5.6 A microstrip line has the dimensions @ = 0.15 cm and w = 0.71 cm, and the 
permittivity of the substrate is ¢ = 2.5 ¢&, « ~ wy, ¢ = 0. Estimate the time-average 
power that is transmilted by the line when |E] =~ 10‘ V/m 


-5.7 


5.8 


5.9 


5.13 
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The breakdown voltage of the dielectric substrate used in the stripline described in 
Problem 5.6 is 2 x 10° V/m. Use a safety factor of 10 so that |E]| is less than 2 x 10° 
V/m everywhere in the line. Find the maximum time-average power that the 
stripline can transmit. Neglect the ohmic loss 


With the fields in a rectangular waveguide, find the surface current |, on the top 
(y -— b) of the waveguide. If we want to cuta slot along z, where should the slot be cut 
in order to minimize the disturbance it will cause? Assume that only the TE,, mode 
exists in the waveguide 


Shaw that, if the wavelength of an electromagnetic wave in an unbounded medium 
characterized by » and ¢ is greater than 2a, then this wave cannot propagate in the 
rectangular waveguide (shown in Figure 5.8) with the dielectric inside the wave- 
guide also characterized hy yu and «. 


Exhaust air duct 


Figure P5.16 


6.55 meters 
~ ed 


An AM radio in an automobile cannot receive any signal when the car is inside a 
tunnel. Why? Let us assume that the tunnel is the Lincoln Tunnel, which was built in 
1939 under the Hudson River in New York. Figure P5.10 shows a cross section of the 
Lincoln Tunnel.* 


Find the frequency ranges for TE, mode operation for those rectangular waveguides 
listed in Tahle 1. 


Design an air-filled rectangular waveguide to be used for transmission of electro- 
magnetic pawer al 2.45 GHz. This frequency should be at the middle of the operating 
frequency band. The design should also allow maximum power transfer without 
sacrificing the operating frequency bandwidth. Find the maximum power the 
waveguide can transmit. Use a safety factor of 10. Neglect ohmic loss. The 
breakdown E in air is assumed lo be 2 x 10° V/m, 


Repeat Problem 5.12, but assume that a dielectric material is used to fill the 
waveguide, The materia) is characterized by « = 2.50q, u = mp. and « = 0. The 
breakdown KE field in the dielectric is 10° V/m. 

Consider the size of a rectangular waveguide to explain why it is not used to transmit 
electromagnetic waves in the VHF range. (Take f - 100 MHz.] 


*G. E. Sandstrom, Tunnels, New York: Holt, Rinehart & Winston, 1963, p. 242. 
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onators Problems 
tibed in x 
2 10° 
hat the 
t 
the lop Air ty! ie Figure P 5.16 | 
tbe cur | 
» mode t 
a See eaews —— f 
0 Zz | 
nedium f 
e in the 
2 wave- 5.15 The electromagnetic fields associated with the TE,, mode propagating in the 2 di- 
rection are given by (5.23), Find the electromagnetic fields associated with the | 
‘l'K,, mude propagating in the —2 direction, with maximum electric field equal to a 
E,. 
5.16 Consider a reclangular waveguide shown in Figure P5.16. For the region z < 0, the 
medium is air and for z > U the medium is characterized by «, and p,. A TE, ' 
mode with maximum E-field equal to E, impinges on the boundary from the left. 
The result is that same power is reflected and some is transmitted. Assume that 
the reflected wave is also TE,). with maximum E-field equal to E,, and the trans- , 
mitted wave is TE,, mode with maximum E-field aqual to E,. Find the ratio E,/E, 
in terms of a. w, €g, fo. €>, ANd ply. 
§.17 The corner reflector studied in Problem 4.20 requires the solution 
E = —24E, sin (kx cos 8} sin [ky sin @) 
Show that although the coordinates are different this solution is in fact the resonator 
a mode that we studied in Section 6.2. Placing conducting plates at x = aand y = bto 
enerig form a cavity resonator as shown in Problem 4.20, what are the restrictions on the 
es aa incident angle 6? 
5.18 (a) Find the real-time expression of the fields of the T'E,», mode in the rectangular 
cavity shown in Figure 5.9. 
sequides (b) Find the total stored electric energy in the cavity as a function of time. Find the 
corresponding total stored magnetic energy 
electro- (c) Show that energy is stored alternatingly in electric and in magnetic fields, that \ 
peraliny the maximum stored electric energy is equal to the maximum stored magnetic 
without energy, and that the total stored electromagnetic energy in the cavity is a 
wer the constant independent of time. Note that these properties are similar to thase of 
ss. The the low-frequency LC resonant circuits. 
5.19 Find the lowest resonant frequency of the TE,., mode in an air-filled rectangular 
fill the cavily measuring 2 x 3 x 5 cm’. Note thal there are three different choices for 
0. The designating the z axis and that these result in three different TE,), modes. 


it 


6.20 Electromagnetic waves in air with wavelengths ranging from 1 to 10 mm are called ii 
lransmil millimeter waves. Millimeter waves may be guided by dielectric slabs. Consider a f 
dielectric slab with «, — 10¢ and q = %, as shown in Figure 5.12. What should its 
thickness be in order that only the TE, mode may be excited for frequencies up to 300 
Giz? 
-§.21 Use direct substitutian into Maxwell's equations to show that the fields given by 
(5.48) are solutions of Maxwell's equations in cylindrical coordinates. 


5.22 


5.23 


5.24 


5.25 
5.26 


5.27 


5,26 


-6.29 
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Use the formulas of divergence and curl in cylindrical coordinates to prove that 
Vv - Vx A = 0 for any vector A. 

Find the rectangular coordinates of a point P where the cylindrical coordinates are 
p= 1, = 30°. and z = 2. 

Find the cylindrical coordinates of a point Q where the rectangular coordinates are 
x, y. and z. 

Show thai the differential volume in the cylindrical coordinates is p dp d@ dz. 

To convert a vector expressed in cylindrical components into the same in rectangular 
components, or vice versa, it is convenient to prepare a table for dot products 


between unit vectors in these coordinate systems. Fur example, x » fj = cos ¢, as 
shawn in the fullowing table. Complete the table. 


Dot Products Between Cylindrical and 
Rectangular Unit Vectors 


Use the above table to find the rectangular components of the following vector 
located at p = 2, — 30°, andz = —3: 

A~ 8p + 46-32 
What is the maximum time-average power a coaxial line can transmit without 
causing breakdown? Assume thal the coaxial line is air-filled and that the break- 
down E of the air is 2 x 10° V/m. Use a safety factor of 10 so that the maximum E 
field anywhere in the line does not exceed 2 x 10° V/m. The dimension of the line is 
2a = 0.411 cm and 2b - 1.143 cm. Neglect ahmic loss. 
Consider the coaxial line shown in Figure P5.29. Half uf the line (z < Q) is filled 
with air, and half of it (2 > 0) is filled with a material characterized by €, and ,;. 
The electromagnetic wave incident from the left has the following fields: 


Vv 
E'- pe 
p 
H'-g ve thes 
WP 


The fields of the reflected wave may be expressed as follows: 


Bp ¥% elk 
p 


--Vi, 
H' - g—*e™ 
Nop 
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: that {a) Write down the fields of the transmitted wave in z > 0. What wave number k 
should be used? 
aie (b) Find V4 and the amplitude of the transmitted fields in terms of Vo, n;. and m by 


matching the boundary conditions at z = 0. Compare your result with the 
reflection and transmission coefficients obtained in Chapter 4 for waves 
‘sare reflected from dielectric boundaries. 


j Sy. M1 
gular f 
ducts : 
¢, as a 


Figure P 5.29 
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vector 


ithout 
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Vr HAH jJWEE and 7x E a-jwut wrk aay 9 


>» -% Eye yeeds 
cle eee rac 
ax By SO feue Hy > Bedewkogee 
5 d 


a —~ 2 =: 
qe oye TERY 

. i 
Agena Ey = Agia hie hen AAD) 4 cut - hy wf 


1 
tis AAD by =0 = Alx)= CCosh Xt 0, SinkxX , where by a wye-ky 
Ey = CCoShyxe hye +; sinker eohe 


EyJana=8% 6,70 5 plano me bee TE, weisy2 


Eye E,SinkyX eV? C denoted Cr by Ex) 
WxE af -it . -} a, €o Jh 
= Fags ™: ZL, Sinfyd @ Hat + ean he cos hy x e7 ve 
Y, He e-st Se E, Sink, xO? 3 Hy =; tee, cos fx e Jht Jard. Ext Ey Hy =0 
. t 3! 
2 Assume Secs 0 anel rears J$e2 phen (fo +r twheryy BAG + (whe kz )=0 


(Xi 


Hlaj= A OSH X + BSivhyX% whert fy"s wAe Ap 
Hy Acosk x eevee sing xe I4t ana. E-Sz pa GDA ERED “jhe 
¥ B (AE )C ASinkx +B cosh, x ye Dhat 


Eafxep7 O - B-0 
= AF Hcosh, xe 


Ey = MAE, sinkyx @ YE 
-jRs? 


ANE Si direlak she i) 


Hy = Ho CoS &kxXe 
Hy = Hy = Ey = O 
$3 1. sober weno * ee aes 7 
5.4 (a) TE, : Ey? EsSin( Six) osht 
Exfyeo® Eyfara =O 2 c0 on both plates 
+, cos (SE x) @ a* Crom Problem $.2) | 
j4,% 


(6) TM? Ey 3 As 


at x0, ape). otis 
ay X-a, Pox ~5:8E frag ® tne ciyre Ihe acyl Be H, ew 


SS& TEM in poralied plates = TMg is 
propagating in -2 direction: HayWey , kuw/He 


v a H oa & ; 

x we IRE CI w -fy7 elt 
ar x=d, Fie kxdilyey = EH? 
at x.a, 5, eRe yan EBM Orne 


“pa a ot )ta 2/110 8x Suse's 
Pe Ee me ore CHER) 2233 W 
-J JS 
Ee 99,33 kW 


EW: 
6 aas08 de Rin iO wp Fal 
7 [Ef a 2310" and pe PIT LSTOSE 7 
SB From eguaton(5.1ob), with md, 7 ; b 
1 one f E, a 
J, (yb) =~ Aly ep = 3 (ARES) sin (B20 7 Let) cos (Ze CF a 
Agee oi* he 3 component of current only o a x 


at xa, Zlqebe-? z 
a, The ae should ons ee 2 at Me middle (i.¢. al Za A/1) 
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wv 
re 


Ho —/_. fay. Ls 2 
te 2/4e (By (BY > 4 (Bye) 
Assume bia , then the hongest Ay is at ota} and MEO 5 ce, ACE 2A 
w, wave witt J >d 2a. Cannot propagate in the rectorgular wavegude. 


! woe 
(F.)ré,. a OY a Seared = 22.9 MN much higher Man AM freguenty Cx 194; ), 


! i 
Ge) = 55 ED > fe" Fafa + (fJo.* Za7H » Do” RE 
For 2h >a , then (f,)0 ~ (Fedo, /$ Whe operetirg freguency range 
for 2b< a, then (£.),0 ~ CSLe)a0 '$ the operating ar ae range 


. ¥ Jud x 
For 2.8S5%/262, a>2b; fraquenty range 43 from Sime £.26 G43) fo paler (= 10. £3 GM), 


For 2.7/1x 0.455, A>1b} freguency range. 18 frem He 21.183) yo attr: 42, 2 Gy), 


Safery factor S10 = lEli,= 2xj0°x/0O= 2xso% Vm 
Juo® 


Gee? Jan} tar animum postr trenfer, bat, lf, jh do? 
2.45 GX LUG \0t Leo) = EGR ree M00! yan =>a=9,/gim ard ba F245 dem 


3a” 377 
An paaniet "(228° , Zoe 88e Tatcteayt * Fay” Teta 6 A 
p= El (as) » lentes tats 823EW 
«08 REST 
Uilow dnt Gest ae i AX aitaraat = 774 
Sie eC araGeta = a7 a!0* = ax s5.Blon and be} =2,90 om 


37 
ore * yi- FEU rS * FTA 32092 


6 ty 2.9xI0 2 
Safety factor 10 > /Elmag*/0° 4 P™ Hele (aba LOPS BES IIE. J.32 MW 


a 


5 
(f, ese ge 2 re 5 fz soo dear => A>/.5m, sa tro Large ! 
a HK 2 
Eyes Ei sin TX ep het ; Hy= Re E, Sin = / AS ej 4 = &, cos —t a e7 
where 4. = Wai -(F)* 
Aya i Reoejyer WY =) hyp % 
Ey, =(E. e/ Ja ¢ = 22 ) sn Z a E, 5i',n De TY e 22 
eT 
Ey = Ey, at 220 —» |F,+€, = E, 
-(c oka? jhe 4 _ wha ax ,J4e* 
Hy; = (, ra JAR = E em ) ee Sin ‘ Hy. = DA on Sh 5 e 


Hy: = Hye at B* 0 —> (E,-€) 3 = 


Solve these two eps tions : 


7) z Ay Ry ~ Mo fry 
4, 4, $ ate *,, 


where 


wiAfo- (Es  , ky, =/4ag- (2). 


—— 
S17 Oat Kaa => Sinl ki ws0)=6 > R265 me mT, ma), 2,3,- 


iE 
E=0 at Y2b D> SACHbSinG)eO DP AEGinG sar, nai,2, 9, --- 


. fpanOac 5 mw Bee ta/,2,3,°7* 


mB > oe ‘ 
SB (a) Ey= Ey Sin TX sin OF CoSwet 
Hy = Eu. Sin A cos ™F sin wrt 
Ay -ZLE 608 EX Sin sinwot 
(b) a ae costust (*/0¢4 sint(HE) Sin (Bh dxdgde m= — E7 costwt (abd) 
= Ena BLL ior sin? Ze) cos (a? By Sintat + Cos% AE) sin AE) sind dxdy da 
= EET sintwe pears 
(2) Us "= Eetcasd) ; Uys 


Fora a 
2 
At resonance, Ff, = pai (ot fr)* => ws (arf,)'a (het), 
z 
therefore Uy = 5-6; (abd ke + oh) x 4 BiG tt) = Ee asd ye Ue 
Aé regonarce, w* = Ze +z) > Us —é; (abd )sintwt 
trerefore UPEs Uys Ug =F Eilebd)[Sintusl teostwt] = FE, (abd) = constant 


SAG Cavity Size = 2x3%5 cm? 
_ 
‘ Fie = aoe [Ak 
a 
b 
(1) Cheese Ae Sem CH) Choose A= Zum cs Choose Q=3Em 
Pd x x 
i Sinén d= gem, ad-ss5tm 
SEL ay 
: f= OE (S53) Ges) fe 2 ax)” Gas ta for “Gor) 
= £.93GH, * 9.01 G4, 3 > SB3GH, 
~ 2 ? s 4 x 2 a 
Zz 
amare d« Sam : zcom 
e De ; 6 = et 
LO lebahy ad ne = ar) Coaal 
. = area GH 
sey 9.08 GHy ; y * 8.08 Gay z y - 
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ee os B- “is 
e re 
= a JRE Vo sdk * 
oget| se Ble Spr Pee sa peMpn imine 
wel 9 9 ne Sige 


22 oA =p [Se Bt) 4 BSP -B) 8 Leet we 
a ed eae Saha al a ed: +2 [3 (pag) oe 
“th ty PE SA Lee ae 2 wo 
9:23 A= CoS 30° = V3)4 | joc aePe; ; Bw2 
S24 PHYxryt ; popanCg/x) i B22 
$45 dy=dp-(pdp)-dz=fPdpdfd2 


S21 f= BP +4h-35; ay R Kea geosp-asing, Ay= VA= Bsingtacosg, Aye e-Az -3 
Az GA, + YAye FAs = F (B04 -h bind) + ¥(BSind +4 CoG) - 33 
At $=30%, Az SC4/h-2)e 9 (4¢1/5)-23 = 84.9349 746-23 


5.28 JE mex an iOS wt ~¥2 > a 2K? x (0.00¢/1/2) = 411 


pale Mok papdg = pean npyfe = Dg, cola) = AAAS OMYodl) 1,44 KW 


$29 (a) Et Besh? and abies, with &,= wilh, 


. 2 é 
and Bie A" = Ht Yen eH wm e- Ve BY, 


a’ at 
(b) Aé a0, E'v EE y+,’ ev, 7 7 


180 § Transmission Lines 


We can find the reflected wave by carrying out an analysis similar to the one a.t 
for a transmission line with a capacitor. The result is as follows: 
V_<-V,-V,<-V,(e7™™ _ yy) (6.58) - 6.4 
Figure 6.39b shows the voltage V(z) on the line during the time period 
Te<i<2T, 6.1 
6.1 
6.1 
Problems 
6.1. What is the voltage in the stripline discussed in Example 6.1 when the time-average aA 
power being transmitted is 10 kw? : 
6.2. Consider the coaxial line discussed in Example 6.3, Calculate the maximum 
time-average power thal may be transmitted in the line. Use the breakdown E = 2 x 
10’ V/m and a safety factor of 10. 43 
6.3. Two coaxial lines have equal characteristic impedances: 50 @ Both are air-filled. 6» 
The first line has a power capacity of 1 MW, and the second line's capacity is 1 kW. d 
Find the ratios a,/a, and b,/b,. Consider only the breakdown voltage. 
-6.4, Use (6. 1b) and the boundary condition [4.3] to oblain the surface-current density J, 
on the lower plate of the parallel-plate waveguide. Then calculate the tota] current 
on the lawer plate. Compare the current with the definition of I (z] given by (6.3b). ae 
6.5. Find the surface-current density J, on the inner conductor of a coaxial line, Then 
calculate the total current on it. Compare the total current with [ [2] defined for the 
coaxial line, 6.2 
6.6. A transmission line is short-circuited [Z, — 0) 
(a) Find the expressions for| V(z}| and] I{z}|asa function of kz, Z, and V.. 6.2. 
(b) Sketch | V(z)| and | 1{z)}| 
(c) Find VSWR on the line. 
6.7. Repeat Problem 6,6 for a transmission line with an open circuit al the load (Z;,, = ~). 6.2 
~6.8. Repeal Problem 6.6 for a transmission line with a matched load [Z, = Z,|]. 
~6.9. A transmission line is terminated with a normalized load of 0.8 + }1.0. Calculate (a) aa 


the VSWR, (b) the position of the voltage minimum, and (c) the percentage of the 
incident power thal is reflected by the load. Sketch | V(zj}|as a function of z/d. 


6.10. Solve the problem discussed in Example 6.6 by using the Smith chart. Find the 
position of a shunt susceptance that can tune the line to have a perfect match. 
Determine the value (in mhos) of the shunt susceptance, 

6.11. For an open-circuited 50 @ transmission line of length 2, the input impedance at the 
other end is {33 Q. Find the length & {in A). 

6.12. Repeat Problem 6.11 when the line is short-circuited al one and. 

6.13. Vor the first waveguide in Table 1 of Section 5.2, design an iris that will give a j1.57 

admittance at f — 8 GHz. 
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From the Smith chart, find T, for the following Z,,,: (a) 1 + (2, (b] <, (c) 0, and (dj 0.55 
j0.38. 

Use the Smith chart to find Z,, from the following I, (a) 0.6 e!’, (bj) —0.3, and 

{c] 0. 

For a load impedance of 0.4 — j0.5. find the location of the first vollage minimum and 

the first voltage maximum at the load end. 


. From the Smith chart, find the admittances for the following impedances: {a) Z, - 


0.3 — j0.6 and (b} Z,. = 5 + j3. 


. A transmission line is terminated with a normalized impedance Z,, — 2 + j2, as 


shown in Figure 6.19a. The incident V. = 1.0, and the characteristic impedance of 
the line Is 1.0, Show that Vins = Anu — 1.62, ] V(0)| = 4.55, | Vf —0.219A)| = 0.78, View — 
Inn = 0.38, | IfO}| = 0.55, and [I(—0.219A)| = 1.45. 


A shunt admittance af Y,, = —j1.57 is added to the transmission line that is 
lerminated by a load Z,,, = 2 + j2,as shown in Figure 6.19b. The position of the shunt 
is 0.2194, from the Joad, so that the line is perfectly matched. Let V, = 1.0 and Z, = 1.0 
and show that Via. — 2.08. | V(0)| = 2.00, Imex = 1.86, | 1(0)| = 0.71, and Jai, = 0.49, 


In Example 6.4, find another set of solutions of &, and &, (in centimeters). 


For the solution found in Example 6.8, haw much total time-average power can be 
fed to the array without causing breakdown in the dielectric? Use the value 181,000 
V/cm as the hreakdown strength of the dielectric, use a safety factor 10, and let 
a = 2 mm. Hint: consider the standing wave on the stuh tuners as well as on the 
transmission lines. 

For the circuit shown in Figure 6.25a, let Z, = 502, A, = 709, H, = 500.&=2m.v = 
10° m/s, A = 10 *s, and V, = 1. Plot the voltage and current al z = &/2 asa function of 
lime. 

Calculate the percentage of energy generated by the pulse generator that is absorbed 
by the load in the circuit of Problem 6.22. 

For a four-digit code system. design a D-A converter similar to thal discussed in 
Section 6.5 using the transmission line shown in Figure 6.27a. Specify the value of R, 
the location of the sampler, and the time that a sample should be taken. 


In plotting Figure 6.32, it is implicitly assumed that R, > 4, and that Ry > Z», so that 
both , and P, are positive numbers. Sketch a similar diagram for the case in which 
A, = 0.52, and R, ~ 0.52). 

Draw the voltage and the current reflection diagrams for the transmission line which 
is shorl-vircuited as shown in Figure P6.26. Plot VW and / as functions of time at 
z= 2/2, 


Figure P8.26 
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Draw the voltage and the current reflection diagrams for the transmission line that is 
perfectly matched, as shown in Figure P6.27, Plot V and ! as functions of time at 
z= &/2, 

Refer to Figure 6.31, and Jet R, = 2Z) and R, = 0.52,, Draw the voltage reflection 
diagram for 0 < t < 6T, and plot V at z — 38/4 for 0 « t < 6T. 

Refer to Figure 6.31, and let R, ~ 2 Z and R,, ~ 0.52,, Draw the current reflection 
diayram for 0 < t < 67, and plot J atz = 38/4 for 0 <1 < 6T, 


Refer to Figure 6.38a, and obtain an expression for]. Sketch I(t) and [{z) versus z 
for the time period T < t < 2T. The sketch should be similar to Figure 6.38b and 
Figure 6.38c. 


Derive (6.58) 


7.1 
Vector : 


CHAPTER 6 
t 
bl hast = V=/227,= /2x10%200 = 2000 V 


6-2 Safety aia 10 © (Elm, = 2"/0 7/10 = 2K /oF8 Wn = Ve/ae. » Vo ™ /EImay Ae 2x 0% x Slee ade ees 
Pe = "Leb, (bla) = THCHOPATS  o crra/yqu) = 196.34 - 


207 
23 Assume te engines E as air ss Bg, thon Bee 


2,52, "502 PP 32 h(b,/a, we Le. C42/a,) » bf = rar 
oye v2 B_ yo - 
Ae 28 » RF ri riad 0 tat = 1000 =()(# = (Hy (Bie = (j Ly 
we (E -)e © (fi) 3/000 => a,/a, = b)/b, «flood © 31.62 


GA B= ¥ (6/4) eR? 
> On the Lower pote, Jie Any = een -jez 
a - Me LeTeW = w(bo/1) eva? Same as (6.36) 
0 7 ¥ 
— 3 Va. 
; =o 72 op JAZ 
Ce HP Tee ; 
On the rnner Conductor , isn RxH org > > Pxd ape whe sz 7a awe eke & 


- Ze Is (ara) = Pe kE | some os C6, 6h) with oy =I 
&E 250 > fe-l . 
AVO= V*C eT ry ethd) ey t( ehh. 48) - oT => | VOD = Vt i] omcAyo} 


Lied en eye ty ee) = FV *coscky) > (I(3){ = SV" || COSCAd)| 
II¢yy 


eae, So aly" | 


(b) 
aly"l/z, 


o reel = 
>) VOWK Sarr oa 


G7 2 = co => He] é 
(a) Véj)~ V* fe WP dee eA}) = Y *eV4h, eo it3)e srirccai aed ae. {{cos¢k3)] 
Lege ¥ (eth pithy = Be Ith- eIkdy & 25 ¥sinchyy & [LC] = ZIV 63) 


(6) yo ater sy 


(co yswa= lhl 2 
J-Eful 


68 Z,°x%, h=o 
(a) Vy) & ne pelt) wyte td o> yey att 


Tie £ cei) rel ye Xk eT > Tee styt 
{¥e})) 


[3(p)! 
yl Vz. 


(b) 


t 


miCil _ 


(©) yVSwe= = 
int |! 


20 


SE — 


é70 


64 (a) Po =[C0.BF51L0)-1)/ [co Bt] Loot!) = Cj 0.2/6) +48) = 04957723" =f, |= 0.495 
VSWRE CHIE {CHL LD = C64 0.495)/C/- 0.495) = 2.96 
(b) Zk dmin = 9, +180? = 723°C 1BO° @ 252,39 = dmin® i502 A= 235Xr 
Nomminimum V al gu - 0.352 
(C) Pry [Pine = 1D = (0845) «0.285. => 28.5% of intident power i's reflected. 
{yet 


Sy ae Peay] ec fei] 140.495 2/495 
| vi)" = [-[Pufsp- 0.495 20.505 


0-88 =-A6 -095 -Alo 


OIsbKR YenlAle O.7 +f 422 


Yen PO7 F522 


aoe eS 


016K Yen(@)Eresns 


0324 Yun(es=si-jrs 


Zink O.34¢-JOSF9 1 Hi At (0.S76—-0.1Sb A = 0.02, from Load shust ~j 1.5 (=-jo.03 mho) 
“Ze, KS6 2 /7-J29.5 LD Gi At (0.314 0,/56)A = 0/684 from foad, shurt tjhS (= j 03 mho) 


Bil B,=00 > Zn, woo ; Z(-L) gpI D Fy(-4)= j 0-66 
0.0024 


Le OSA 40.0924 @ 03422 


£L= 0.092 2X 


8 F 
f= BSH; 7 Ae peer 3.75 em 


és . 4x) 262 AST 22.25, 
bo =157 = f° gn [ese (24 a)) = ee hn [esc (FA) => b [es( ZS) = Ee ETE 
ose Coty) eet a3.) > Basis) =0.37 ede Whi ser = 025 


B/E From Smith Chart: (a) 0.707 L45° (6b) 1 L0° (cy 1 1180 ed) 0.37 £-126° 
From Smith Charé 2 (a) L,25¢S468 (b) 0.53 Ce) | 


3//66 


4) 


b./6 
1k minimum at 3 =~ G.0824 


13€ mauimam at 3o-(0.082¢4,25), =-0,35324 


0.0824 


&!7 (4) (b) 
Yn © 0, 6645 /.33 
Ea 
Ya 
z Yn = 0.15 =j 0.087 


BIB T= (Bin -1/ (Bint!) = C14 J 2/3452) = 0.62 (20.79 = O54 450.3 
vie} (VG =lie ry e748] 5 eee) > 11d =li- rel? 
Vax = [It 0.62/b OL ard Inay 162 5 Vinin ™[1-0:62[* 0.38 and Lain = 0.38 


Ive} = fit tl & [ |+(o.s44j0.31] <f[useejoulleans7 

Jv (-o.29a)] =] I+ (0.62 (29.7%) e3 OO UIA) | =| + 0.62 [28.7%157.7" 
} LO) =fi-F, | =[ t-co.seejo.3')| =foeb-josi] = 055 

| T(-a214){ =| }- 0.622028" | w= 1.47 


j.14 From Problam 6/2 ; [¥Caz29a)] 70.79 
After shunt admittance 1s added, }¥(-0.219A)| =i 
> Vad shoutd be prilb plied by a2 factor 1/0,79 3/266 


“After Shunt , Vmoy H=/.b62xn/266 22,05 3 | YlO = 157x266 = 2.00 5 
Emox © 11 (-0.2/9A)| Xn 266 = [4744266 = 1.86 5 
[lo] = 0,554,266 = 0.70: anh Imin 2 0,38%1266 = 0,98 
G20 R=/9.8em; at the point Bin Figure 6.24, L,*(0.254+0.201) 4 = A451 = BIZ Cm 
input admittance of he Stub Should be Ya%J29 » Zar jo3es 


From Sm) Chart, Li 20.08 2¢d ¥ OF Om “k 
d7, 
on the main Lane, [Lo(5-solts+5e) = -0.92 and |y/s)l=/yoll!-0.2e 


=| 1+ 0.62 £/26°|= 0.79 


6.2! } 0.0684 | 
sn on the stub, =-1 ant | YCZ] = 21 Voll Sin b>} 
office pa 70.08B\ on Me main, Line, hoe 1b matching ancl IzOy 
“2 [YER] =/y(-0.0494)| =| y*| for 3 £-O.04BA on the main htine. 
2G W¥i3)) L¥fpit 
y --pac--o at 
/ ‘ 
\y(-0.047A)| 


3 
= 044g. rad) 
Yea] 


breakdown E=/81x105 Vem m].B1x/0" Wm 3 use safely factor 10, rhea Em 1, 8) x108 W/m 
for toawial Line ) a [Vmayl/{ a deal H/a.)] 4 | Vows uw Lgixtorxrx1o Fv, 26% = 4576V 
On the stub, [Y¥(-0.080d)f © 2/ya |] $in SC-osATA)| = A654] Vol 
te WAM moel =] ¥ C0 4aTay}/2h Vol > [VILE [Ymarl| YC-OM INI /ZIyol = 4576 XO.ES4/22 1996 -¥ 
» Pm ctvelVaz, m C1496 e2xs0)= 22.4 AW 
Bes y= Sofsoesoye 2, Ttey/soncas, he ChlaaledAG Salil mOI6T, y= 


Tetfy © aguio* see i 3°42) 

Viel @ 0/6 Yel) = 0.0835 he 

Lol" = 007% (0.01)"~0,00/67 oa Tt a 
6.23 aos 


or oes vie IZ, = SBR x50 = Vo/2 
Pi =l9O-S9)/(yor5o) = We 


2 
oe nee Fe. = VA, at 5e0 


Etevittas ¥kea = aes pat Jal 

Erg @ VT YOUN) A= TE toa 7664, at Jrt 

Exss= E*- A "(as ore -sa5\4 > Es/ Ey = (Gash a)/foy'a)= als oF = 48.6% 
bad ppiptsp a2 2i2i2e? SPP «kag tthe 32, 


Sampler ney be bLororted at the middle bortan lost ard generator. 
Sampliry time af £ECnHKAIT with w33. 


+ 
62S fxlyn(os- LRG SI > viznVvte-gv? , (V7) AV onryviagy 


e V 
$27 Ve * Vo Bo/(Zo*%o) = ws) Ly" /2." Fao 3 helt 


vit) 


(at )#4/1) 
T a is 
% 
o 7 3 ow F t 
I 
e258 fy” (BR Baa wee F ‘ I= (0.586 3/(0 Bet He) =— 
Ve= yee, Ze" ys Tee Gib 


vr) 


(at 5= 3%) 


2.V6 


= 


A 1h¥e 


C80 9p ee Me {'-2 ace cs) (Teele 


zy) 


Tete 27 


S 
w 


Ve = Ve/Z and Ie evw/ee ve 

at Jel, Vio Vet V- and Fp mTee I= (Ve-V/ 2a Ver V- BIL 

". 2Vy = V_ + 22, 2m VF 2Ve > 2,I7C Ze 
Also, at. et(aw-2oF.) =p 4h Br 2h * Tide Mage t* 
using Tie=r)=0, Aw-Stert > Il retezr) = We ye TAHT) 


lve _ » fed - ‘A 
ITL.=1,- I» =“s:-xe OM = Mt [i-2e7 THT) 


wD = ee : 
OMe L 22 [ire Te j= ye Tare 1] 


=O >VCo and Ted 


Problems 


Problems 221 


to Puerto Rico. This radio telescope system is called the Very Long Base- 
line Array. The angular resolution will be of the order of 10 ° radian, 
which is smaller than the angle spanned by a dime located in New York 
City when it is viewed from Los Angeles. 

In ordinary arrays, individual antenna elements are connected by 
transmission lines. For the very long baseline array, such physical inter- 
connection of antennas is not practical. Instead, the signal received by 
each antenna in the array is recorded on magnetic tapes which are later 
transported to a central facility where the tapes are replayed simullane- 
ously. The key to such processing is a very accurate {ime standard for all 
recorded dala. At present, time synchronization of the recordings is 
provided by hydrogen masers which are accurate within 20 nanoseconds’. 


— 
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Find the rectangular coordinates of a point P where the spherical coordinates are 
(r= 1,4 = 60°. @ = 30°). 


The reclangular coordinates of a point Q are (1. 2. —4). Find its spherical 
coordinates. 


Show that 0 - VY x A — 0 in spherical coordinates for any vector A. 


Show that the differential spherical surface element is equal to ds = r* sin 6 dé dé. 
Hint: Refer to Figure P7.4. 


Figure P 7.4 


~ 7.3 Toconveria vector in spherical coordinates to the same in rectanguiar coordinates, it 


is convenient to prepare a table for dot products between unit vectors in these 


*K_ 1. Kellermann and A. R. Thompson. “The very long baseline array? Science, Vol. 229, 
No. 4709, July 1985, pp. 123-130. 
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coordinate systems. For example, & - P = sin 6 cos ¢, as indicated in the [following 
table. Complete this table. 


é a é 


x sin écos é 


7.6 Use the table prepared in the preceding problem to express the following vector A 
located at (r - 1, 8 = —60°, @ = 45°) in rectangular coordinates: 
A = 128 + 86 — 5¢ 
—- 7.7 Show thal the distance function |r — r‘| thal appears jn (7.7) and (7.8) can be 
expressed in spherical coordinates as 
Jr—r'|?=927 4 r? ~ arr’ cosy 
cos y = cos §cos # + sind sin & cos{d — 4°} 
where y is the angle between the vectors r and r’ and (r, 6, #) and (r’, &, ¢') are 
spherical coordinates of r and r’, respectively. 


7,8 A vertical receiving dipole antenna at P is 15 km away from a capacitor-plate 
, antenna thal is also placed vertically, as shown in Figure P7.8, The receiving antenna 
measures an E field equal to 10 mV/m. What is the value of E that the same receiving 
antenna will detect at a height 3 km above P? What must the orientation of the 
receiving dipole be to obtain a maximum reading? (A maximum reading is obtained 

if the dipole is parallel to the E field.} 


7.9 ‘The power lost on a cylindrical conductor that is Az long and that carries I amperes 
of current is given by 
Pijes - %*1*R, Az 
where P.,) is the loss due to finite conductivity of the wire, R, is the surface 
resistance given by 1/(¢d,2xa), and d, is the skin depth. The efficiency of the antenna 
is given by 
Power radiated 


™ ~ Power radiated + Pam 


Assume thal a short antenna of length Az has an efficiency of ten percent. Is the 
efficiency improved by increasing the Jength to 2 Az while maintaining the same 
current and, if so, by how much? Assume thal the antenna is still a short antenna 
after its length is increased to 2 Az. 


Antennas 


2 following 


ig vector A 


*8) can be 


. F, ¢') are 


icitor-plate 
ng antenna 
e receiving 
tion of the 
is obtained 


! amperes 


re surface 
le antenna 


vent. Is the 
the same 
tt antenna 


7.10. 


7.1%. 


712. 


Problems 223 


Power Phase | 
| divider shifter 


90° Delay 


Figure P 7.10 


Cansider the antenna system consisting of two short dipoles arranged perpendicu- 
larly to each other in space, as shown in Figure P7.10. These dipoles are driven by the 
same amount of power from a common source. However, the current on the 
&-oriented dipole has a -90° phase with respect lo thal on the f-oriented dipole 
because of a phase shifler inserted in the transmission line that leads ta the former. 
Find the total radiated electric field on the z axis. Verify that this antenna system 
radiates a circularly polarized wave in the 2 direction. Is the wave left-hand or 
right-hand circularly polarized? 

Find the expression of the total radiated electric field on the x axis that is due to the 
antenna system discussed in the preceding prohlem. What is its polarization on the x 
axis? 

Acertain application requires that a field stength of 1 V/m be maintained at a point 
1 km from an antenna located in free space. What power must be fed to the antenna 
if it is{a) an isotropic antenna, (b} a short dipole, and (c) a half-wave dipole? Neglect 
ohmic loss. An isotropic antenna radiates an equal amount of power in all 
directions. 


. The current al the center of an antenna is 100 A; what is the E field 1 km away [rom il 


on the horizontal (@ = 90°] plane at 10 MHz if the antenna is (a) a dipole with h, = 
h, = 0.5 m, (b) a capacilor-plate antenna with Az = 1 m, and (c) a half-wave dipole? 


. Show that if the radiation field pattern shown in Figure 7.4 for the infinitesimal 


dipole ar the capacitor-plate antenna is plotted in x-z plane in linear scale the 
pattern is exactly formed by two circles 

Find the directivity of (aj an isotropic antenna, (b) a capacilor-piate antenna, and (c)a 
half-wave dipole. 

Find the radiated electric field of a linear antenna that is 3 m long (& = 3 m) and that 
operates at 100 MHz in air. Plot its radiation paltern. 


. Consider a uniform linear array of two half-wave dipoles that are 1.5 wavelengths 
apart. The currents on these two dipoles are in phase. Sketch the radiation pattern in 
the horizontal [@ = 90°) plane. Show clearly the numher of lohes in this pattern. Also, 
eslimate the beam width of each of the major lobes. The beam width is the angle 
between two directions in which the radiation intensity is one-half (—3 dB) the 
maximum value of the beam 


ee Eee 
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Figure 7.23(b) shows the array factor of a two-element array separated by 20X. Find 

the beam width (in terms of the angle between two adjacent nulls) of this array 

factor near @=90° and #=30°. 

(a) Use the approximate formula given by (7.49). 

(b) Find the exact value starting from (7.45). 

Find the directivity of the two-wire transmission line shown in Figure 7.27 with 

radiation fields given by {7.42}. 

Find the field pattern of a two-element array with d = 4/4 and y = 0. Sketch the field 

paltern on the x-y plane. 

Vind the field pattern of a four-element array with d = 4/4 and ~=0, Sketch the field 

pattern on the x-y plane. (a) Use (7.37) to obtain the field-patiern formula, and (b) use 

the result obtained in the preceding problem and in Figure 7,16 and the pattern- 

multiplication technique. 

Write a computer program to plot field patterns of a ten-element phased array with 

d = A/4.and varying phases. 

A uniform linear array consists of 6 short dipoles. The spacing between adjacent 

elements is /4, as shown in Figure P7.23, 

(a) What should the phase shift ¥ be, in order to point the maximum radiation in 
the ¢ = 96° (that is, $) direction? 

(b) Suppose that the E-field due to the first element (the dipole at far left) is given 
as follows: 


1000 
r 


e™ sin @ 


E,. * 


Calculate | &, | of the entire array at point A(0,1000,0), point B(1000,0,0), point 
C(O, - 1000,0}, and point D(- 1000,0,0), separately. All positions are given in 
rectarigular coordinates in meters. Use the phase shift found in (a). 


(c) Sketch the field pattern of the array in the x-y plane. 
(d) Sketch the field pattern of the array in the x-z plane. 


Figure P7.23 
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Figure 8.17 shows a typical arrangement of a liquid-crystal display.* It 
is operated in the so-called “distortion-of-aligned-phases” or DAP made. 
Figure 8.17a shows the normal stale of the crystal before activation. The light 
entering the crystal is polarized and then transmitted through the crystal 
with no alteration in polarization. The second polaraid absorbs all the light, 
and no light is transmitted. In its activated state, the crystal changes the 
polarization of the transmitted light, which propagates through the second 
polaroid and becomes visible. 


The derivation of (8.5) only considers the electric field. Why is the magnetic field 
neglected? Hint: Compare the magnitude of E, with nH, near the sphere. or the 
stored electric-energy density (1/2}e|E|* with the stored magnetic-energy density 
(1/2\u)H|*. 


Why is the rising or setting sun red? 

The smoke emitted from engines of boats contains fine particles, Against a dark 
background the smoke looks blue but against a bright background it loaks yellow. 
Why? 

Explain the appearance of shafts of sunlight through breaks in a claud-covered sky. 


Show that 
oe e “dx = V@ 


Hint: 


oe a evdx. f° e dy re 
Then, transform x-y coordinates into cylindrical coordinates to perform the exact 8.9 “ 
integration. 
fe 
Show that th 
: hs ve fg cl 
l= f exp{—p°x’ + yx] dx = p eas te 
Hint: @.10 A 
5] 
pix + qx = -[px - 2] +4 5] 

2p] ° ap 


Then, use the result obtained in prohlem 4.5 after transforming the integration 
variable from x ta px — q/2p, 


Assume that on earth a micrawave heam of 10 GHz is radiated by a 20-meter- 
diameter disk antenna uimed at the moon. Estimate the size of the microwave beam 
on the moon. 


"See R. W. Curtler and C. Maze, “Liquid Crystal Displays,” [EEE Spectrum. November 
1972, p. 25. 
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A person leaving his home by train mails a letter home every day. Suppose that the 
train travels 200 miles per day and that the mail moves at a speed of 200 miles per 
day. How frequently do his letters arrive home? Try to solve this problem by simple 
reasoning, not by substituting numbers in some formula. 


On a foggy day, the driver of an automobile stopped at a railway crossing because he 
heard a whistle from a moving train. The sound of the whistle came from his left. A 
few seconds later he heard the echo, and the pitch of the first sound was lower than 
that of the echo. Assume that the echa was due to reflection from a nearby mountain 
close to the track. If you were the driver, would you cross the track—that is, could you 
tell whether the train was approaching or leaving you? (See Figure P8.9.} 


A Doppler radar sends a signal at 8.800 GHz, and the receiver displays a frequency 
spectrum of returned signals as shown in Figure P8.10, What can you say about the 
speed of the target(s)? 


»® Amplitude of the returned signal 


10kHzf 15 kHz FI 10 
10 kHz) 5 kHz gure P& 


> 
8.600 GHz frequency 


8.13 


8.14 
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Figure P8.15 


For the FM-CW Doppler radar discussed in Section 8.4, assume that f). the upper 
frequency of the radar, is 8.8 Gliz. Suppose the radar is to measure target speeds 
ranging from 0 to 3 Mach and distances from 1 km to 10 km. Find the system's 
approximate frequency bandwidth and the time interval the system must be able ta 
resolve. 


If d = \,/4, as shown in Figure 8,i6a, and if reflections at interfaces z = 0 and z=d 
are negligible, a linearly polarized wave incident from the left will become a 
circularly polarized wave. as discussed in the text. What is the polarization of the 
exiting wave if the reflections at these interfaces are not negligible? 


If d = 4,/2 as shown in Figure 8.16a, what is the polarization of the exiting wave if the 
incident wave from the left is circularly polarized? 


For a quartz crystal, ¢, = 241 ¢, and « = 2.38. Find the minimum thickness of a 
quartz quarter-wave plate for a light having A = 6500 A. 


In Figure P8.15 the Polaroid film at A is oriented such that it passes light polarized in 
the & direction and absorbs light polarized in the ¥ direction. The film at B passes 
y-polarized light and absorbs x-polarized light. A randomly polarized light source, 
such as a flashlight. sheds light from the left along z. Can an observer at C see the 
light? Explain 

Consider the arrangement shown in Figure P8.16. This figure differs from Figure 
P8.15 only in the placement of a third Polaroid film at D between A and B. The 
absorption axis of the third film is 45° from either the x or the y axis. Now, can the 
observer at C see the light? {If you do not believe in your answer, do an experiment 
with three pairs of polarized sunglasses and see for yourself.| 


Figure P&.té 
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Problems 


9.4 Consider the dipole arrangement shown in Figure 9.2a. Let gq = 1.6 « 10°C. Find ® 

at: : 
‘ (a) x -O.1l.y =0.1,z= 0.1 

(b) x=1y=1,z-1 
Use the exact formula {9.14] first, Then use the approximate formula (9.17). and find 
the accuracy of the latter. The medium is air. 

9.2 Three point charges are located on the x axis with q, = qal x — 0, q, = 2qat x = 1, and 
G; - —3q at x — 2. Find the position(s] on the x axis where # is equal to zero. 


9.3 Four point charges are located on the corners of a rectangle, as shown in Figure P9.3. 
Find the planes on which the potential is equal to zero. Sketch these planes. 


ay 


Pigura P®.3 Figuro PD.4 


9.4 Two point charges are separated by a meters in air, as shown in Figure P9.4. 
(a) Find the potential function #{x, y, z). 
(b) Calculate $ at x = 100a, y = 100a,z = 0 
(c) Show that. for distances much greater than a away from these charges, the 

potential is approximately given by 
-—q 1 
7 4xq (x? + y+ 2) 

where (x’ + y* + 2°]'@ >> a. Use this approximate formula to calculate }(100a, 100q, 
0}, and compare it with the result obtained in (b). 

9.§ Find the E field in air duc to a point charge of 10°y,(q, = —1.6 x 10° C). Sketcha 
diagram similar to Figure 9.4. 

i} 9.6 For the charge distribution given in Problem 9.2, calculate E, at [a] x = —1, [b) x = 0.5, 
(c) x ~ 2.5, and (d) x = 3. 

9.7 Apply E — —V¢ to (9.14) to find the E field located at the origin and produced by two 
charges +qand —q located at (0, 0, h) and (0,0, — h), respectively, as shown in Figure 
9.2a, where h = 1 cm. Show that E = —2(q/2rch*), 


9.8 Solve the same problem as in 9,7, but use (9.190). 


¢.9 Sketch the direction of the E field located al the center of a square shown in Figure 
P9.9. The E field is produced by four charges at four corners of the square OABC, 
these four charges carry q. ~g. —q. and qcoulombs, respectively. 
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Figure P.9 


A line charge 2h meters long is located along the z axis as shown in Figure 9.6a. The 
charge density is py coulombs per meter. 


(a) Calculate the electric field at p ~ 0.1h, ¢ = 0, and 2 = 0 using the exact formula 
(9.21). 

(b) Calculate the electric field at the same paint using the assumption that the line is 
infinitely long. 

(c) Find the percentage error of the value obtained in (b) as compared with the exact 
value 

For the same line-charge described in Problem 9.10, 


(a) Calculate the electric field at p - 20h, @ = 0, z — 0 using the exact formula. 
(b) Oo the same using the assumplion that the line is a point charge at the origin. 
(c) Find the percentage error of value obtained in (b). 


A plane charge of p, coulombs per square meter is located on the x ~ 0 plane, and 
another plane of —p, caulombs per square meter is located an the x - 1 plane. Find 
the total electric-field in the region (a] x > 1, {b) 1 > x > 0, and (c) x < @. 


Consider the problem discussed in Example 9.11. Assuming that everything is the 
same except for the fact thal the total charge on the conducting shell is now equal to 
zero, calculate E everywhere, and sketch E, versus r similar to the sketch shown in 
Figure 9.15. 
A charge distribution of the following form is set up in air [spherical coordinates): 
0 dQ<re<a@a 
p= 110° r<b 


aq=< 
0 ber 


(a) Find the D field for0 < rea. 
(b) Find Dfora< r«<b. 
{c) Find Dfarb<r 


A charge distribution of the following form is set up in air: 
p, ~ 10 “+ & 'canlomhs per cubic meter 


Use Gauss’ law to find the E field everywhere. Hint: To find the total charge in a 
Gaussian surface. you must da the integration because the charge is not uniformly 
distributed. However, symmetry still exists with respect ta @ and @. 


Electric charges are distributed uniformly inthe region 0.1 < x < +0.1 withdensity 
po, ~ 10° C/m*. Elsewhere, the density is equal to zero. Find the E field everywhere. 


9.18 


9.20 


9.21 


9.22 
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Plot E, versus x. Find the potential difference V, — V, for a point x with respect to 
the origin. 


Find the potential difference V, — V, for two points A and B located al r = 0 and 
r= lin the E field obtained in Problem 9.15. 


The solution for the electric field af an oscillating Hertzian dipole with angular 
frequency w is given in (7.14) as follows: 


. piklAze™| 71 1 1 11. 
- — —__——_ jf l— + = 1+ + ——| sin é 
e V' axr jkr = (jkrf jkr (jkr}? 
Derive the solution (9.20) for a static dipole by selting w = 0. Notice that k = wfye}’? 
and | Az = ap/at ~ jap. 


In the electric field E = 3% + 49 — 52, find V, — Vp if Ais located at (1, 1,2) and Bisat 
the origin. Does the difference depend on the path of the integration? 


2cos# + 6 


Consider the spherical-shell problem shown in Figure 9.14. Find the patential jr] at 
(a}r = c:(b]b< r<ec{c)}b> r> a, and (d)r =a. Assume # = 0 at infinity. Plot {r] 
versus fr, 


Repeat the preceding problem for the case in which the total charge on the 
conducting shell is equal to zero while all other conditions remain unchanged. You 
may want to use the result obtained in Problem 9.13 


Consider the coaxial line shown in Figure P9.22. The {nner conductor is a solid 
conducting cylinder with a radius equal to 0.1 m. The outer conductor has an in- 
ner radius equal to 0.4 m and an outer radius equal to 0.5 m. The medium between 
the inner and the outer conductor is air. The inner conductor carries a net charge 
of -3¢, C/m and the outer conductor carries a net charge of - 15¢, C/m. The sym- 
bol ¢, used here represents a constant equal to 8.854 x 107", 


(a) Find E, in the region 0.1 m < g < 0.4m. 

(b) Find E, in the region 0.4m <p < 0.5m. 

(c) Find E, in the region p > 0.5 m. 

(d) Find € at p= 0.2 m, knowing that @ = Oatp = 1m. 

(e) Sketch E, as function of p for 0<p< 1m. Mark the scale for E, and p. 


Figure P.9.22 
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9.23 Model the dome of a Van de Graaff generator as a conducting sphere. The dome is 
charged to hold the maximum amount of electric charge Q,, before the air sur- 
rounding the dome breaks down. Use the following data: 


radius of the dome = 0.11 m, 
breakdown E of air = 3 x 10° V/m. 


(a) Calculate the maximum Q,, accumulated on the dome just before the break- 
down. 

(b} Calculate the voltage of the dome in reference to the potential at infinity just 
before breakdown occurs. 

(c) When the dome is charged with the maximum charge Q,,. a person uses a con- 
ducting rod to discharge the electricity, Assume that the discharge takes 0.01 
seconds to complete, how strong is the discharging current (on the average)? 
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| 332 10 Electric Furec and Energy 


This electrostatic adhesive surface is widely used in desk-top calcu 
lator-driven curve tracers. A typical voltage used to charge the embedded 
conductors is 300 volts, and typical spacings between them are approxi- 
mately 2 mm.* 


Problems 


$0.1 A point charge of q coulombs is located at the origin (0, 0,0), and a second point 
charge of q' coulombs js at (1, 0. 0}. A smal) test-charge is placed at (3, 0, 0}, and itis 
found that the total force on the test charge is equal to zero. Find q’ in terms of q. 


10.2 Two identical small balls are atlached to weightless strings 15 cm long. Each ball 
carries 10 * C of charge, and each has a mass of 1 y. They achieve an equilibrium 
state under the influence of electrostatic force and gravitational force. as shown in 

I Figure P10.2. Find the angle o. Hint: « is small. 


‘ \ Figure P10.2 


f 10.3 Consider a long line-charge with p, - 10°° C/m. Find the force acting on a dust 
particle carrying — 10 °C, 1 m away from the line charge. 


. 40.4 A line charge with p, - 10° C/m is located in air at x = 1, y = 0. A plane charge with 


\, p, ~ 10°" C/m* is located al x = 0. A positive point charge of 10°" C is at (¥, 0, O} in 
i reclangular coordinates. What is the tota) force acling on this point charge? 
t 10.5 Charge is uniformly distributed in the spherical volume r= awith p, ~ 2 x 10°°C/m* 


and p, = Oforr> a. 


(a) Use Gauss’ law to find E for r= a 
‘ (b) Find the force acting on a fest charge of 10 “Cat r= a/2, 
ic) Is the force obtained in (b) to be changed if the charge distribution extends to r = 
2a instead of being limited to r < a? 

10.6 In a seed sorting machine, undesirable seeds ure deposited with an electrostatic 
charge while they pass an automati¢ color-sensitive or size-sensitive monitor. The 
good seeds are passed uncharged. All seeds are dropped between a high-voltage 
parallel-plate region to sor! out the undesirable seeds. Let the charge on the 
undesirable seed be q. its mass be m, the voltage hetween the parallel plates be V, 
and the plate separation be d. Assume that the seeds enter the parallel-plate region 
at velocity vy. and find the displacement y of the bad seed as a function of x. Figure 
P10.4 illustrates this situation. Consider only the trajectory inside the parallel-plate. 


, *P. Lorrain and D. R. Corson, Electromagnetism (San Francisco: W. 1]. Freeman and Co, 
1978), p. 189. 
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V (volts) 
100 
= 
¥ 
0 > 
t 
Figure P10.6 ~ 100 {milliseconds} 


Figure P10.9 


At roum temperature (20°C) and standard atmosphere, what should be the size of the 
corona wire ifb = dom, Vy = 10 kV, and the roughness factor of the wire is equal to 
0.8? (Refer lo Figure 10.4. 


What should the lowest voltage on a Van de Graaff generator be in order to have it 
produce corona on its surface? Assume that Ff, = 4 x 10° V/m and that the radius of 
the metal sphere is equal to 0.6 m. 


Refer to Figure 10.1. If the voltage applied to the parallel plate is the sawtooth signal 
shown in Figure P10.9, find the locus of the electron on the fluorescent screen 
located at x = 20 cm. 


For the cathode-ray tube shown in Figure 10.8, what should the voltages V, and V, be 
in order to make the electron beam trace a circular path on the screen at 60 
revolutions per second? Assume that the verticul and the horizontal deflection plates 
are identical. 


An electron is accelerated by a difference in potential of 1 kV between the anode 

and the cathode. It enters the parallel-plate region with this kinetic energy. Its 

velocity makes a 5° angle with the plane of the parallel plate al the entrance end, as 

shown in Figure P10.11, 

(a) Find vo, Vo,. and v,, att = 0. 

(b) Obtain two equations for the coordinates of the electron (x, z) as functions of t. 
Note that x — Oand z= Oall= 0. 

(c) Find the position of the electron at the extt end of the parallel plate. 


5° 4 Figure P10.11 
ov 


m,=-G9.11 x 10 “ke 
q.- ~160x10 "C 
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Consider the ink-jet printer shown in Figure 10.10, Define 


qy — charge on the ink drop 
my = mass of the drop 
V, = deflection-plate voltage 
d ~ deflection-plate spacing 
vy = velocity of the ink drop at entry to the deflection plate 
4, — deflection-plate length 
z, ~ distance from the deflection-plate entry to the print plane 


Show thal the vertical displacement of the ink drop is given by 
1 

2 [ = kan 

a « } 


Find the capacitance of the spherical capacitor shown in Figure 10.13 by using [10.42] 
and (10.50). Start from 


Peas for b>r>a 
4mrer 


and show that yaur result agrees with (10.47). 


Find the capacitance of the cylindrical capacitor shown in Figure 10.14 by using 
(10.42) and (10.50). Start from 


Ms 


E=> p for b>p>ua 


and show thal your result agrees with (10.49) 


Consider the parallel-plate capacitor shown in Figure 10.12. What is the maximum 
capacitance one can obtain hy using mica as the insulator? Let the area of the plate be 
10 cm’ and the voltage rating of the capacitor be 2 kV, with a safety factor of 10. Use 
Table 10.1 for the value of « for mica. 


Consider the cylindrical capacitor shown in Figure 10,14. What is the maximum 
capacitance one can obtain by using oil as the insulator? Take a = 1cm, h = 2 cmand 
the voltage rating = 2 kV, witha safety factor of 5. Use Table 10.1 for the value of ¢ for 
oil. 

A parallel-plate capacitor is filled with two dielectric materials in a configuration 
shown in Figure P10.17. The total area of the plate is A. (a) Find the capacitance C in 
terms of A, d, ¢,, and ¢,. (b) Suppose that the positive plate carries Q coulombs of 
charge. and find Q, and Q, in terms of Q, where Q, and Q, are charges on the left- 
and on the right-hand sides of the plate, respectively. Neglect fringing fields. 


Consider the capacitor shown in Figure P10.17. Let ¢, = 3c9, ¢; = 5e,, d = 0,6 mm, and 
A = 20 cm’. The potential between the plates is 300 V. Find the total stored electric 
energy in this capacitor. 


Figure P10.17 


orce and Energy 


3 by using (10.42) 


e 10.14 by using 


is the maximum 
ea of the plate be 
factor of 10. Use 


is the maximum 
cm, h = 2cmand 
‘the value of « for 


1 a configuration 
capacitance C in 
s Q coulombs of 
arges on the left- 
ing fields, 


d = 0.6 mm, and 
al stored electric 


10.19 


10.20 


10.21 


10.22 
10.23 


Problems 335 


Find the capacitance per unit length of a coaxial capacitor with two layers of 
insulating materials, as shown in Figure 10.15¢. Express C/h in terms of a,b, c, ¢,. and 
€3. 

Find the capacitance C of a parallel-plate capacitor with two layers of insulating 
materials, as shown in Figure P10.20. Express C in terms of A (the area of the plate], 
d,, ds, €- and €3- 


_4, Figure P10.20 


Refer ta the capacitor shown in Figure P10,20. Let ¢, = 3¢q, ¢: = Se, d; = 0.3 mm, d; = 
0.3 mm. and A — 20 cm*. The voltage across the capacitor is 300 V. Find the total 
stored electric energy in this capacitor. 


Derive (10.62). 


A parallel-plate capacitor carries +Qon one plate and - Q on the other plate. The 
area of each plate is A and the separation between the plates is S. The medium is 
air. 


(a) Find the total stored energy Uy in this capacitor in terms of Q, A, S and ¢. 
(b) What is the electrostatic force acting on the plates? Is it attractive or repulsive? 
Hint: find the change in U, with respect lo S. 
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Canductar Conductor Conductor 


Figure P 11.1 


$= 0 


Case Il 


Consider the three boundary-value problems shown in Figure P11.1. The solution of 
Case | is ’,, and the solution af Case II is &,. In Case II], the charges yg, and q, are the 
sume charges thal appear in cases I and I], and they appear in exactly corresponding 
positions. Express ®, in terms of &, and &,, 


Consider the three boundary-value problems shown in Figure P11.2. ‘lhe solution of 
Case lis ®,, and the solution of Case Ii is &,. In Case III, the charges q, and q, are the 
sume charges thal appear in cases I and I, and they appear in exactly corresponding 
positions. Note the differences in the boundary conditions for the three cases. Can %, 
be expressed in terms of #, and ’,? If so, obtain the expression. If not. explain why. 


The radius of the inner conductor of a coaxial line is @ and that of the outer conductor 
is b. The potential of the inner conductor is V and that of the outer conductor is zero, 
There is no volume charge density between band u. Start from the Laplace equation 
to obtain the potential in the coaxial line. 


Two concentric conducting spheres have radii u and b, respectively (b > a}. The outer 
sphere is al zero potential, and the inner sphere is maintained at V volts. There is no 
space charge between the conductors. Start from the Laplace equation to obtain the 
potential P(r) forb > r> a, 


Cunductor Conduetor Conductor 


ff 


Figure P11.2 
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1 
Insulting gap 
- bo 

117.5 In Vigure P11.5 a conducting cone is at a potenUal Vy, and a small gap separates its 
olution of verlex from a conducting plane. The axis of the cone is perpendicular to the 
q: are the conducting plane, which is maintained at zero potential. The angle of the cone is 4. 
sponding Because of the symmetry of this problem and the fact that the boundary conditions 

on the potential & invalve # only. © is independent of r and ¢ when spherical 

Ai ge coordinates are used. Find the potential (4) in the region 6, < 6 = 90°. Hint: f (1/sin 
olution of ; Be Tes 
g, are the 4) d@ = Jn [lan 6/2}. Find the surface charge density on the cone. 
sponding 11.6 The upper plate of the parallel-plate capacitor discussed in Example J1.1 is 
1s, Can by maintained at 100 V. and the lower plate is al 80 V. All other condilions remain 
ain why. unchanged. Find , 
onductor 414.7 Model a de vacvuum-luhe rectifier as two parallel plates with a space churge in 
ar is Zero, between, as shown in Figure 11.3. Lat the separation be 1 em. Find the voltage 
equation needed to produce 1 A/m’ current. 

11.8 Find the surface charge distribution on the vertical and the horizontal conducting 
The outer walls fur Ihe case discussed in Example 11.8. Plot p, for 7 > O and » = y —- U. Latq = 
lere is no IN "C.anda=b=1, 
btain the 


11.9 Find the images of a point charge near a corner of a conductor similar ta (he one 
shown in ligure 11.11 except thal @) = 45°. 

414.10 Find the electrostatic force that acts on the point charge q at (0, 0, d) and is due lu 
induced surface charges at z — U0. ag shown in ligure 11.3. 

14.11 Calculate the capacitance per meter of a 12-inch (0.3048 in|-ciameter steel pipe 
located 6 ft (1.83 m| above and parallel tu the ground. 

41.12 Example 11.10 states that the maximum electric field on the surface of the conduct- 
ing cylinder is located at (he poinl nearest the ground Show the validity of this 
statement by plotting ont E, an the surface as a function of @. Use the following data; 
V, - 100V,h= 2m. anda-15n, 

47.13 For the point charge y locale d meters from a grounded conducting sphere shown in 
Figure 11.14, find the surface charge distribution as a function of 8. 


141.44 Repeat the preceding problem for an isolated conducting sphere carrying no net 
charge. 
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Conductor (# ~ 0} Conductor ( — @] 


Figure P11.16 Figura P141.18 


Equation [11.42] gives the potential due to a puint charge in the presence of a 
grounded vonducting sphere. Equation (11.44) gives the potential due to a point charge 
in the presence of an isolated sphere carrying ne nel charge. From these results, find 
the potential due to a point charge q, d meters from an isolated conducting sphere 
carrying a net charge of q,. 

A line charge p; is inside a conducting tunnel of radius a, as shown in Figure P1116, 
Notice that the line charge is b meters off center. Find the potential function in the 
tunnel. Hint: This is a complementary problem of the one shawn in Figure 11.12. 
Calculate the farce per meter acting on the line charge in the tunnel shown in Figure 
P11.16. 

A point charge q is inside a spherical cavity of a conductor, as shown in Figure 
P11.18. The radius of the cavity is a and the cavity is filled with air. 

(a) Find the potential # in the cavity when b =O. 

(b) Find the surface charge density of the cavity wall when b=0. 

(c) Find the potential $ in the cavity when b = u/2. 

(d) Find the surface charge density of the cavity wall when b « a/2, 

Calculate the electrostatic force acting on the puint charge in the cavily shown in 
Figure P11.18, 

Sketch the [ lines due to a point charge near the interface of two dielectric media. 
The situation is similar to the one shown in Figure 11.17, except that ¢. — 0.56, 

A rectangular conducting trough of width a and height b is maintained at zero 
potential, as shown in Figure P11.21. The potential on the tup plate, which covers the 
trough, is known to be 4{x, b) — 200 sin(2xx/a} volts. Find the potential @ in the 
trough. There is no volume charge in the trough 

Three sides of a rectangular conducting pipe are grounded, while the fourth side is 
maintained al 100 V, as shown in Figure P11.22. Find the potential in the pipe. There 
is no volume charge in the pipe. 


vA Figure P11,21 Figure P11.22 
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The boundary potentials of a rectangular conducting pipe are shown in Figure 
P11.23. Find the potential in the pipe. There is no volume charge in the pipe. 


Consider the boundary value problem shown in Figure P11.24, The upper and the 

lower conducting plates are maintained at zero potential. The plate at the left is 

maintained at 100 V. Two gaps insulate the side plate from the ground. There is no 

volume charge in the region and & approaches zero as x approaches infinity. 

(a) Lise the method of separation of variables tu vblain two ordinary differentia] 
equations, 

(b) Solve the differential equations. (The function involving vy must be a sine 
function.| 

{c) Match the boundary conditions, and find the final solution. 


A spherical capacitor is filled with a dielectric material of ¢, in half of the space 
and with another material of ¢, in the remaining space, as shown in Figure P11.25. 


[a) Find the potential function $(r) in the region a<r<b, The potential at r = a is 
V, and it is zero at r = b, Hint: The potential satisfies the Laplace equation 
(11.2) and it may be assumed that it is a function of r only. 

(bj Find the electric field in the region a < r < b. 

(c) Find the D field in the region a<r<b. Hint: The D field in medium 1 is differ- 
ent from that in medium 2. Note: the boundary conditions on the tangential E 
and on the normal D fields are satisfied using the suggested approach. 


{d) Find the total charge on the inner conductor and the capacitance of this ca- 
pacitar, 


Figure Pt1.26 
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Solution: 


Problems 


12.1 


12.2 


12.3 


Problems 387 


The resistivity read by the sonde will be influenced hy medium 2. Thus, the sande 
will not read p, = 10 2-m. although it is located entirely in medium 1. To find the 
expected reading. we must first calculate the potential detected at 8. We salved the 
potential problem in Example 12.5, In the present case, we have o, — 0.1, x = 0, y = 0. 
z—h ~16in. x (2.54/100) m/in. = 0.406 m,z + h = 32 x 2.54/100 m = 0.813 m. and 


t 01 001 
7 faa + 0.01 


— 0.8181 
Therefore, according to [12.22a], 
] 1 0.81 I 
‘= 
dn x 0.110406 0.813) 4x 
Substituting the above value into (12.26), we obtain 


2.54 1 : 
x — « 34.7 = 14.1 0-m 
100) 4x 


p, — 49 x 16 x 


A parallel plate is filled with two materials in 4 configuration shown in Figure P12.1, 
The total area of the plate is A. The dielectric constant and the conductivity of one 
material are e, and o,, respectively. Those of the other material are ¢, and o,. Find the 
equivalent circuit for this parallel plate, and express the circuit parameters in terms 
of A, d, « ye Fy, hee and a, 


A parallel plate js filled with two materials in a canfiguration shown in Figure P12.2. 
Find its equivalent circuit, and express the circuit parameters in terms of A, the area 
of the plate, and d,. d,, €,. €2. 6. and ¢,, which are defined in the figure. 


A coaxial line has two layers of insulation. Figure P12.3 shows the geometry. Find 


(a) the potential ¢, fora <p<b 
(b) the potential &, forb <p <c 
(c) the resistance of a section of such a line & meters long 


Figure P12.1 Figure P+2.3 


roo 


! 


388 12 = Direct C 


figure P 12.4 


c Figura P12.6 


Perfect conductor 


Flgure P12.7 


Zz 
Figure P12.8 | 


Perfect conductor "= 


(2.4 A spherical conductor of radius a is inside a spherical conducting shell of radius c, 
Two materials are used to fill the space hetween these conductors. The dielectric 
constants and the conductivities of these materials are ¢,, ¢,. €, ¢3. respectively. 
Figure P12.4 shows the configuration. Find the equivalent circuit of this system, and 
express the circuit parameters in terms of a, b,c, 6. és, 0), and ay. 


12,5 Two oil wells are 1 km apart. The resistance between two steel pipes in these wells is 
measured at 3.41 8. What is the conductivily of the ground near these wells? Use the 
following data: the length of both pipes = 1 km, and the diameter of beth pipes = 10 
com, 


12.6 A current electrode is near a perfectly conducting plate that is hent to form a 90° 
corner, as shown in Figura P12.6. The output fram the electrode is J amperes, and the 
muterial filling the space has a conductivity equal to o. Find the potential function 
d(x, V, 2). 

12.7 A current electrode is near a perfectly conducting plate that is bent to form a 60° 
corner, as shown in Figure P12.7. ‘The electrode produces 10 A of current, and the 
material filling the region defined by 0 < ¢ < 60° is water with conductivity equal to 
0.01 mho/m. Find the potential at point B shown in the figure 


12.8 A point electrode puts oul [ amperes of current above a conducting plane, as shown 
in Figure P12.8. 


(a) Find (x, y. z) for z > 0. 
(b) Find the current density |,{x, y] at the surface of the conductor. 
(c) Sketch the paths of the current flow. 
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12.9 


12.10 


12.11 


12.12 


12.13 


Problems 389 


0g=1S/m 


. * 2a Figure P12.10 


For the case shown in Figure 12.9, find the percentage of the current amitted from 
the electrode crosses the boundary and enters in medium 2. 


A source 4 meters below an interface of two conducting media emits 2 A of direct 
current, as shown in Figure P12.10. 


{a) Calculate the potential at point B. 
(b) Calculate the potential at point C. 


A well-logging rasistivity tool similar to the ana shown in Figure 12.12 is near a 
boundary between two beds, as shown in Figure P12.11. The boundary is making 
a 60° angle with the well. Find the apparent resistivity measured by this too} at the 
position shown. 


Refer to Example 12.6. Obtain p, (the apparent resistivity measured by the tool) as 
a function of tool position for z) = +160 in. to z = ~ 160 in., where zp is the posi- 
tion of the canter of the tool (the midpoint between electrodes A and 8) relative to 
the boundary, Calculate g, for at least 21 points, and plot p, versus zy, 


Repeat Problem 12.12 for the situation shown in Figure P12.11, 


pe, - 100-m 


p, — 100 0-m 


Figure Pt2.11 


390 12 Direct Currer 


A puinl electrode is located at (4, ,, 0), and a perfectly conducting sphere af p 
dius a is located at (- é, 0,0) as shown in Figure P12.14. The electrode gives J ami 
peres of currant, The conductivity of the medium Is o. Find the potential $ on th 


y axis. Hint: use (11.44). 
Consider a well-logging resistivity tocl similar to the one shown in Figure 12.16 
Let the spacing between the current electrode A and the potential electrode B bet 
m. The tool measures the conductivity of the earth formation as it travels in a well, 
Assume that the well passes near a mineral deposit modeled by a perfectly con- 
ducting sphere, as shown in Figure P12.15. Find the apparent resistivity measured 
by the too) as a function of y. Use the following data: ¢ = 0.01 mho/m for the 
ground; the radius of the mineral deposit = 50 m; and the distance between the 
center of the sphere and the well = 70 m. Plot Ogpoaren Versus y for -70 < y < 70, 
Hint: use the result obtained in the preceding problem. 
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422 139 Magnetostatic Fields 


\ Because magnetic field is present in the coaxial line, we know that 
magnetic energy is stored there. The magnetic field is given by (13.7): 


. | 
— b >p>da 
H, ~ 4 2p 


0 elsewhere 


Substituting the above ne in caine we abtain 


\ 1 ie b 
Un ae do f p dp gat = In 


This result is the stored magnetic energy per unit length of the coaxial line. 
Consequently, we can calculate the inductance per unit length of the line 
from (13.41): 


bate in (:] (13.49) 


This inductance per unit length also appears in the transmission-line 
representation of the coaxial line in (6.19) of Chapter 6. 


Problems 


43.1 Find the magnetic field H at the center of a square loop carrying a current |. The side 
of the square loop is b meters long. 
3.2 A circular loop that has radius a and that carries a current | produces the same 
magnetic-field strength at ils center as thal af the center of a square loop that has side 
band that carries the same current /. Find the ratio of b to a. 
; 13.3 Consider a large conducting plate of thickness d located al —d/2 = y = d/2, as shown 
in Figure P13.3. Uniform current of density | is flowing in the 2 direction. Find H in 
all regions. 


13.4 The earth's magnetic field at the north magnetic pole is approximately 0.62 G [1 
G = 10 'Wbh/m’). Assume that this magnetic field is produced by a loop of current 
flowing along the equator. Estimate the magnitude of this current. The radius of the 
earth is approximately 6,500 km. 


Figure P13.3 
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at 
Figure P13.6 
Figure P13.5 a 
e. 
16 
- Figure P13.7 
9] 
« 
A x 
le 
13.5 An infinitely long tubular conductor of inner radins a and outer radius b carries a 
direct current of | amperes, as shown in Figure P13.5. Find the H field at p; where (a) 
psa,(b)asp<b,and (ct) b <p. 
le 13.6 An infinilely lang tubular conductor has outer radius b and inner radius a offset by a 
distance c from the axis of the outer cylinder, as shown in Figure P13.6. This 
le eccentric tubular conductor carries a direct current of | amperes. Find the H field at 
le point A shown in the figure. Hint: Consider the tube to be a superposition of two solid ; 
cylinders that have radii b and a and thal carry unifarm current density } in opposite { 
" directions. 7 
n ; 13.7 An infinitely long wire is bent to form a 90° corner, as shown in Figure P13.7. A 
¢ direct current I flows in the wire. At paint A find the H field due to this current. i 
4 Fallow the steps given below. | 
u (a) Use the Biol-Savart law to express the H field at A due to a typical segment of 
ie wire dy on the wire axis. Express the field in rectangular soordinates. 


{b) Integrate the result obtained in (a) to find the H field due to the semi-infinite 
wire OC. Note: to facilitate integration, let y — a tan 4, so that dy ~ a sec* @ dé. 

(c) Find the H field at A due to the semi-infinite wire BO. 

(d) Add the results obtained in {b) and (c] to yield the total field at A due to the 
current in the wire BOC. 


| 


13.48 Follow a similar procedure lo the ane described in Problem 13.7 to find the H field at 
point A‘, as shown in Figure P13.7. 


13.9 Consider a circular loop carrying a current | counterclockwise, as shown in Figure 
13.11. Plot the magnetic field I, on the z axis for —a/2 < z < a/2Z. Find the value z, in 
terms of a, such that. if|z|-< 2, then H, is uniform within 10% of the value of H, at 
the center of the loop. 


| 424 13. Magnetostatic Fiel 


Figure P13,10 Helmholtz calls 


13.40 ‘To improve the uniformity of the magnetic field along the axis of a circular loop (see 
Prublem 18.9}, one may use two identical loops separated by @ distance equal to their 
radii, as shown in Figure P13.10. Such a pair of current-carrying loops is called 
Helmholtz coils. Find H, asa function of z on the axis of the Helmholtz coils, Plot H, 
for -a< z <a. Find, in terms of a, the value z such that, within the range|z] < 2, Hy 
is uniform within 10% of the magnetic field at the middle af the two coils. Compare 
your result with that obtained in Problem 13.9 for a single Joup, 


i 43.19 A square conductor loup 2a meters long on each side carries a direct current | as 
shown in Figure P13.11. 

(a) Calculate the magnetic field B at (b,0.0). Express the magnetic field in terms af 
: 4 integrals, where each represents the contribution from the current on each 
1 side of the square. Use the Biot-Savarl law. Do nol try to integrate those inte 
; urals. 

{b] Assume that b is much greater than a. Now, evaluate the integrals approxi- 

mately to obtain an approximate value of B at (b,0,0). 


fb, U, 0) 


Figure Pt3.11 


93.12 A surface charge of p, C/m* is uniformly distributed on a record disk. ‘She inner 
radius of the disk is a and the outer radius is bh. The record disk is turning al a 
constant angular velocity w rad/s in the clockwise direction. Find the magnetic 
field at the center of the disk due to the surface charge on the turning disk. Ignare 
the presence of the metal post on the turntable. 
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13.43 The earth's magnetic field at the equator is approximately B = 10 * Wh/m’*. Calcu- 
late the cyclotron frequency of the electron in the ionosphere, 


$3.14 Because natural uranium contains a slight amount of Uranium 234. the electro- 
mnagnetic isotope separator can also yield *U. If the radius of the circular path for 
“SU particles (see Figure 13.14) is equal to 10 m, where should one place collec- 
 cuils, tors far *°L! and *“U particles? Express spacings in meters. 


12.16 Refer to Figure 13.17. The magnetic field is changed from 5 « 10°* ta 107* Wb/m?*. 
All other parameters remain unchanged. Find the following: 


(a) the position of the electron at the exit side of the magnetic-field region 
(b) the exit angle (the angle between the Lrajectory and the x axis after the electron 


oo has passed through the magnetic field) 
illed 13.96 Consider an electron having initial kinetic energy m, v,/2 and entering a region of 
aH, uniform magnetic field, as depicted in Figure P13.16. This siluation is similar to 
an A, that shown in Figure 13.17, except thal the electron in the present case is inclined 
pure at an & angle with respect to the x axis. 
(a) Show that v, and v, of the electron after it enters the magnetic field are given 
tlas by 
V, ~ ¥y cos{w.t + a} 
ns of V,~ — Vp sin{w,t + al 
each where w, = q,B,/m, and t = 0 corresponds to the moment the electron enters the 
_ magnetic field 
(b) Find the coordinates x and z of the electron at time t. Note that x ~ Oand z — Oat 
roxi- 
fe 
(c) Find the point where the electron leaves the magnetic field. Assume Vv, = 2 x 10° 
m/s, @ ~ 5°, w, ~ 8.77 x 10° rad/s, and d = 4 em. 
‘ (d) Find the angle between the x axis and the trajectory of the electron after it has 
left the magnetic field. Sketch the entire trajectory, and compare il with the one 
shown in Figure 13.17. 
2 
| sane 
eee Be 
a | Figure P13,18 
= x = | 
Electron 
{ ———- 
[ee ) 
| 
ad 
ner 
al a 
etic 13.17 ‘Two parallel wires are carrying 100 A of current in opposite directions. On each 
are wire find the force per unit length due to the magnetic field produced by the ather 


wire. Is the force repulsive or attractive? Assume that the lines are 1.5 m apart. 
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13.18 ‘IWo identical circular loops of radii a are separated by a distance d, where d <— 
One of the coils carries | amperes of current clockwise, and the other carrii 
amperes counterclockwise. Find the force between these coils. Hint: Bec 
these coils are close together, you can approximate the magnetic field that is ato 
coil and is produced by the current on the other as H, = 1,/(27d), the field dus 
an infinitely long wire. Lela = 1 mandd = 0.05 m. How much current is need 
to produce a force of 9.8 N? 


£3.49 A circular loop of radius 0.5 m and 100 turns is excited by a 2 A direct curre 
This loop is placed in the Earth's magnetic field, which is approximately equal! 
5 x 10°° Wb/m’ pointing north. Haw do you orient this loop to produce a max 
mum torque? What is the value of this torque? Find that orientation of the le 
which it experiences no torque. 


dies 


13.20 The square conducting loop ANCD shown in Figure P13.20 carries 2 A of dire 
current. Each side of the loop is 0.1 m long. The loop is placed in a uniform mage 
netic field B. Find the force on each side of the loop and the torque on the entire’ 
loop il: 
(al B ~ 80.2 Whim? 
(b) B= 20.2 Whim* 


Figure P13.20 


$3.21 An infinitely long conductor of radius a carries a direction current I as shown in 
Figure P13.21, 


(a) Find the H field in the region 0<p<a. 

(b) Calculate the stored magnetic energy per unil length in the region O<p<a. 

(c) Find the inductance per unit length of the conductor. Consider only the mag- 
netic energy in the region 0<,~<a. 


13.22 ‘Tiree infinitely long parallel wires each carry 10 A of current in the 2 direction, as 
shown in Figure 13.22. Find the force per unit length acting on the #3 wire due to 
ihe magnelic fields produced by tha other two wires, Cive the numerical value of 
the force, its direction, and its unit. 
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Figura P+3,22 


ee 


Figure P13.21 


The magnetic field in a coaxial line is given by 


H, = $ile for0.im <p <0.2m 
0 elsewhere 


The medium is air. What is the total stored magnotic energy por unit length in tbe 
line? Give the numerical value and indicate its unit. 


(a) Calculate the stored magnetic energy per unil length of the paralle)-plate con- 
ductors shawn in Figuro 13.5. 

(b) if the parallel plate is used as a capacitor to store electric energy, find the volt- 
age V, for which the stored electric energy is equal to the stored magnetic en- 
ergy found in (a). Let | = 1A. w = 10cm, anda = 1 cm. Express V, in volts. 
The medium is air. 


Calculate the inductance per unit length of the coaxial line shown in Figure 13.3a. 


Calculate the inductance per unit length of the parallel-plate conductors shown in 
Figure 13.5. 
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From B'””, we find the corresponding H (Figure 14.17b): 
HH! ~ 2400 A/m 


The iterative method calls for substituting the above value into (14.23) ta obtain the 
“first-order” approximation of B, which is denoted as B"": 
(1000 — 2400 x 0.121}u, 


Ao! . = 0.178 W/m? 
0.005 


The corresponding H""! may be read from Figure 14.17b: 
H"!. 2100 A/m 


We obtain the “second-order” approximation of B by substituting the above H™ 
value for H in (14.23}: 
pen. 1000 — 2100 x 0:17 t he _ 0.167 Wh/m* 
0,005 

‘This procedure can be repeated to find the n-th iterative result of B', When a digital 
vomputar is available, the magnetization curve can be approximated by a standard 
polynomial-curve filling and stored in the computer memory. A simple program may 
be written to carry out the ilerative procedure, which requires very little computer 
lime [see Problem 14.7). 

The problem at hand can also be solved by a graphical method. Note that (14.22) 
or, equivalently, (14.23) is an equation of a straight line on the B-H plane. As shown 
in Figure 14.17b this line intersects the B axis at 0.251 Wb/m* and the H axis at 
8264 A/m. It also intersects the nonlinear magnetization curve al B = 0.19 Whim’. 
This result agrees fairly well with the result obtained by the iterative method. 


Problems 


14.1 Refer to the magnetization curve shown in Figure 14.3. The material is a nonfinear 
medium because « depends on the magnitude of H. For magnetostatic fields, « is 
equal to the slope of the line joining the origin to the (H, B) point on the 
magnetization curve. In this way, Figure 14.3b is obtained from Figure 14.3a. Now, if 
the material is placed in a time-harmonic field, the effective » will be different from 
the « for the magnetostatic fields. Consider a field H = 11, + H, cos (wt + #), where 
H, is the bias magnetostalic field and H, is the amplitude of the time-harmonic 
component of the ioltal field. Let H, « H,: then the effective permeability of a 
material is the slope of the langent of the magnetization curve at H,. Sketch the 
effective » versus H, for the curve shown in igure 14.8a. Compare it with the 
magnetostatic » shown in Figure 14.3b, and show that the y's in these two cases are 
equal to each other at P,. 


14.2 Point out the differences between the following pairs of terms: (a) diamagnetic vs. 
paramagnetic, (b) remanance vs. retentivily, and (c}] coercive force vs. coercivity. 


14.3 Whal are approximate values of the retentivity and the coercivity of the ferrite 
shown in Figure 14.97 
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Consider the carbon steel, alnico V, and cunico materials listed in Table 14.2. Which 
has the highest permanent magnetic-field strength? Which has the most difficulty 
in losing its permanent magnetism once it is magnetized? 


A permanent magnet of radius 1.5 cm and thickness 0.3 cm is pul in a magnetic field 
thal is parallel to the disk, as in the situation depicted in Figure 14.7. The torque on 
the disk is equal tu 1.2 x 107° N-m, and the magnetic field is equal to 10-° Wb/m? 
What is the remanence of the permanent magnet? 


To write “one” in the memory core x,y, shown in Figure 14.11, how shauld the 
current pulses he sent along the wires? Specify the polarity of these pulses. 


Cansider the magnetic-core memory sketched in Figure 14.11 and the correspanding 
hysteresis curve for the cores shown in Figure 14,9. Naw suppose that. because of 
malfunction in the circuitry, a positive pulse of amplitude I, which alane is capable 
of producing the switching magnetic field strength H,, is sent down the line y; and 
thal simultaneously an identical pulse is sent down the line x,. Assume that all cores 
are initially in the “zero” state, which corresponds to having the magnetir. flux cir- 
culation pointing either toward the upper left or the lower left (using the righl- 
hand rule). What are tho states of all of Uie cores after these pulses have passed 
through? 


Compare the hysteresis loaps of twa ferrites shown in Figure P14.8. The curve 
labeled #1 is “thinner” than that labeled 42. Which ferrite core requires less 
switching current? Which ferrite has a better ability to withstand magnetic interfer- 
ences? 


Consider the magnetic circuit shown in Figure P14.9. The material is steel, and 
Figure 14.17 shows its magnetization curve. The flux density in the air gap is 0.5 
Wb/m’. Find the current | needed to produce this flux. 


The magnetic circuit shown in Figure P14.10 is made of a material with » = 600. 
Find the flux densities B, and #,, and indicate their directions. 
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Figure P14,{ 4 


| 14.14 To produce a magnetic flux of 0.5 Wh/m* in the air gap of the magnetic circuit shown 
in Figure ['14.11. what should be the magnitude of the current in the cail? Take p = 
200yy. The cross-sectional area of al) branches is equal to 4 cm’. 


14.12 Write a computer program to carry yul the iteration procedure outlined in Example 
14.5. First, approximate the nonlinear curve in Figure 14.17b by a polynomial of 
fifth order. hen carry out the iteration five times to obtain the fourth-order ap- 
proximation for B. 

14.13 Find the approximate value of B in Uie magnetic circuil shown in Figure 14.174 
for excitatiun current} = 15 A instead of 10 A. All ather conditions given remain 
unchanged. Carry oul the iteration a sufficient number of times (o obtain an accu- 
racy to the third digit. 
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Berause of the symmetry, Bw By ard Bo= 8B, 

Since 3B: in ait = Bin core wb Bo~ Ba © 0.541 by H,8 0.5/u 
B= so ae 0.15 Wie =D 1, OS /u 
From Loos I, 300I w AQy Seip 74 Max (O12~S0i0) +H (0084 0.114 6,08) 


; as 3, O5 o.2 -3 
. 3007 m7 SMe + 7000p" ONS + StF x 0.28 = EK 2.99500 


a a 3.19 7SK107/( 300 «477K 107) = 8.32A 


14/2 
10 H=0 
20 IMAGE 7A.DD,7A.D.DDD,17A, DDDDD.D, 6A 
30 FOR J=1 Ta 5 
40 J=I-~-1] 
60 B= (1000—-, 121 *H) /3978.9 
70 H=(25815.47-¢€129360. 27- (354704. 29- (447912. 425-214034. 24*5) ¥B) #B) £B) ¥E 
BO FRINT USING 20;" ORDER=",J," B=". B" (Wb/mke2) H=",H.” (A/m)" 
50 NEXT J 
100 END 
ORDER= oO B= .2S{ (Wo/m¥*¥*2?) H= 2375.6 (A/m) 
ORDER= 3} B= .179 (Wh/m*k2) R= 2090.4 (A/m) 
ORDER= 2 = .1868 (Wb/m*k2) H= 2127.8 (A/m) 
QRDER= 3S = .1B7 (blb/m*¥2) H= 2175.0 (A/m) 
ORDER= 4 B= .1987 (Wbo/mk*2) H= 2123.4 (A/m) 
14.13 BvQ.005 + HeXO./2) © ISRICOMISOO => Bm “800~ oa Hedy 


B® = /500x¢7K10"/ 0.005 = 0377 =» HO B000 ( from Fegureé 14.17) 
B= (/500 =0./21« 3000) x 47/0" 7p, 00s = 0.286 2 HP? 2 2600 C From Figure 14.17) 


B's Vsc0- - 0.121% 2600)% 49K10°7/ 6,005 = 0.298 —® H 8 2500 Cfrom Figure 14.17) 
Graphical metrod: H#O,B=0.3877 3 B02, AH ¢1$00- Shu 0 005)/a121 1 SB20 
ee BX 0.3 wb/p3 
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Problems 


13.1 


15.2 


13.3 


468 15 = Electroquasistatic Fields 


Figure 18.9 Poynting’s theorem for quasi- 
static fields. 


P = ~ §6 da -(E x H) ~ $f do» (\v4) x Hy 
- {ff av. ve) x uy) Lf, av 9 te x any - ov x Hy 
auglt dV Vv. (67 x H)- 6 da. #0 x H 
fda. 
Ignoring the displacement current dD/dt, we find 
p--ffao-aj-LV.{-Jf, do -j) 2 Vol 


where I,, represents the current flowing into the volume through the surface 
A,, whose surface normal is pointing outward. Thus, we have established 
thal the circuit theory's concept of power input is valid only when the 
displacement curren! is negligible. 


aD 
hares 


Consider the short-circuited parallel plate shown in Figure P15.1, with width w, 
length &. and separation a. Find the zerath-, first-, second-. and third-order electric 
and magnetic fields. Show that the sum of the quasistatic salution is equal to the full 
wave solution as presented in Chapter 6 for a short-circuil transmission line. Assume 
that the current at z = 0 is I{t) = J, cos{w!} and that all fields are functions of t and z 
only. 

Calculate the total zeroth-arder stored electric energy in the parallel-plate region 
shown in Figure 15.1. What is the zerath-order stored magnetic energy in the same 
region? 


Calculate the total first-order stored magnetic energy in the parallel-plate region 
shown in Figure 15.1. Whal is the first-order stored electric energy in the same 
volume? Denote U}/!, the maximum total first-order stored magnetic energy in the 
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if 
I : a 
v4 Figure P15.1 A parallel plate with short- 
y 


cirquit current I = J, cos (wt) at 2 = 0. 


region and Uf’, the maximum total zeroth-order stored electric energy in the same 
volume. Show that 

Uli 

ae — % (key 

Em 

Calculate the total second-order stored electric energy in the parallel-plate region 
shown in Figure 15.1, Compare it with the zeroth-order stored electric energy. If & is 
0.14 Jong, whal can you say about the relative magnitudes of the zeroth-order stored 
electric energy, the first-order slored magnetic energy, and the second-order stored 
electric energy? 


Find the total zeroth-order stored electric and magnetic energies in a parallel plate 
with a short-circuit current I = {, cos{wt) al z — 0 [refer to Problem 15.1). 


Find the higher-order stored electric and magnetic energies in the parallel-plate 
region shown in Figure P15.1 up to the third order. If 2 = 0.14, compare the relative 
magnitudes of these stored energies. Use the total zeroth-order stored magnetic 
energy found in Problem 15.5 for comparison. 


A coaxial line 2 meters long is filled with a material characterized by ¢ and ¢. The 
radii of the inner and the outer conductors are a and b, respectively. The voltage 
between the coaxial conductors is V, cos{wt). Find the zeroth-order electroquasistatic 
field E', the current !'" the charge Q. and the first-order current /"!, Express these 
in terms of the paramelers V4, a, b, &, «6, and wt. 


Two concentric spherical electrodes of radii a and b, respectively, are filled with a 
material characterized by « and a. The voltage between the electrodes is V, cus (wt). 
Find the zeroth-order electroquasistatic field f"', the current [™, the charge Q™, and 
the first-order current I", Express these in terms of V,, a, b, ¢. ¢, and ot. 


Show that the time needed to charge a Van de Graaff generator shown in Figure 
9.24a with radius R to a maximum vollage of V,,,, by applying a charging current | 
is equal to 4re,RV,,,./1- Calculate the charging ime (if R = 1m, V,,,, = 10°V and 
1-1? A 
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510 16. Magnatoquasiatatic Fields 


Solution: Fram (16.72), we find 


2« 4a « 10°" x 2x 10° x 2x 10° x 1.0 
Foot = - 64% 10°N 
a xO5 


= 6.5 metric tons 


Problems 


16.1 A smal] circular loop of 5 mm radius is placed 1m away from a 60-Hz power line. 
The voltage induced on this loop is measured at 0.6 microvalt. What is the current on 
the power line? 


16.2 Assume that the current on the infinitely long line shown in Figure 16.1 is the 
triangular pulse shown in Figure P16.2. Find the induced voltage on the rectangular 
loop. Use the following data: a = 2cm,b = 4m, and d = lcm. 


16.3 Consider the network shown in Figure P16.3, The magnetic flux is increasing al a 
rate of 0.5 Wb/s in the direction pointing inla the paper. Find the readings of the 
voltmeters shown. 


16.4 Find the readings of the voltmeters shown in Figure P164. ‘The magnetic flux is 
increasing ata rate af 0.5 Wb/s in the direction pointing into the paper. 


! amperes) 


> 
3 ( (microseconds) 


Figure P16.3 Figure P16.4 


Ids Problems 511 


Figure P16.5 


16.8 Four resistors form a circuil as shown in Figure F'16.5. The total magnetic flux 
linking the circuil is increasing at a rate of 0.5 Wb/s, in the direction pointing out 
of the paper. 


(a) Find the direction and magnitude of the induced current in the circuit. 
(b) Find the readings of the voltmeters V, and V,. 


16.6 Two resistors are connected by wires to farm a circuit as shown in Figure 
P16.6a. The magnetic flux linking the circuil varies with time. Figure P16.6b 
shows the lime variation of the magnetic flux. The positive value of the flux 
corresponds to the flux directed into the paper. The magnitude of the flux is 
for a single turn of a circuit loop that encircles the magnetic flux. 


{a} Plot the current I(t) versus time. Be sure to mark the scale of the current. 
(b) Plot the voltage V(t) versus time. Mark the scale. 
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What is the EMF induced on a propeller blade that is 1.5 m long and is rotating at 
10,000 r/min in the earth's magnetic field (0.5 x 10 ‘Wb/m?]? 


Find the vollage induced in the rectangular loop shown in Figure 16.1 if it is rotating 
about the axis parallel to the z axis located at x = d + 2. Assume that the angular 
frequency of the rotation is w and that the infinitely long wire carries a direct current 
of I amperes, Show that the induced EMF is not a pure sinusoidal voltage. It is 
approximately sinusoidal when d » a 


A magnelic core is made of a material whose hysteresis loop is shown in Figure 
P16.9, Note that this hysteresis curve is not a “square loop. To read the content of 
the core, two pulses are applied to the wires. The currents generate an H equal to 
200 A/w. The core has an area of 3 x 10°? m’. 


(a) What is the voltage induced in the sensing wire if the core is originally al the 
“zero” state (al point C)? Assume that switching from C to A is linear with time 
and that it is completed in a microsecond, 

(b) What is the voltage induced in the sensing wire if the core is originally at the 
“one” stale {at point A}? Assume that swilching [rom A to A’ is linear with time 
and that it is completed in 0.5 us. This voltage is the “noise” vallage because it 
would ideally be zero if the hysteresis loap were a perfect square. 


B (webers per square meter) 


Sensing wire 


\ 


Magnetic core 


H (amperes 
per meter} 


Figure P16.9 Ferrite core memory and its 
hysteresis loop. 


Find the total expansion force acting on the surface af an air-core solenoid that has 
100 turns of coil and radius a - 1.cm, length £ = 10 cm. and current] = 10 A. 


Repeat Problem 16.10 for the case in which 100 turns of cojl are wound over a 
ferromagnetic core with p = 1000,5. The current is 10 mA, with a = 1 cm and 
f= 10cm. 


A copper pipe of radius a ~ 2 cm and thickness d = 0.1 cm is placed in a solenoid thal 
has 200 turns per meter and is excited by a 1000 Iz 10-A current. The conductivity of 
ihe copper is 5.92 x 10° mho/m. Calculate the power per meter dissipated in the 
copper pipe. 

A transformer similar to the one shown in Figure 16.11 is made of a stee) with relative 
permeability equal to 1100. The effective length of the core is 40 cm, and the flux 
density is B = 06.3 Wb/m*. N, = 100, Ny, = 1,000, I, — 60 A. 


(a) Find /,, assuming that the transformer is an ideal transformer. 
{b) Find [,, using (16.37). 
(c) Compare the two answers. 
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Consider a magnetic circuil similar to the one shown in Figure 16.11. The effec- 
tive length of the core is 0.4 m and its permeability is 2000 y.4. The cross-sectional 
area of the core is 4 x 10°*m*. Letl, = 10A,1, = 24A,N, = 50, and N, = 20. 


{a} Calculate the B field in the core, Give both the direction and the magnitude. 
{(b) If 1, is a-c with f=60 Hz, what are | V,| and | V,|? Assume that the magnetic 
flux always slays in the core without any leakage. 


The primary coi) of a transformer has 150 turns and the secondary coil has 450 
turns. The effective length of the core is 0.5 m and the flux density in the core is 
0.25 Whb/im*. The transformer is similar to the one shown in Figure 16.11. Assyuie 
that I, = 60 A and there is no flux leakage. 


(a) Find I,, assuming ideal transformer condition, 

(b) Find V,, assuming ideal transformer condition and V, = cas(12Qut). 

(c) Find I,, taking into cousideration that the core material has a finite permeahil- 
ity equal to 1000 py. 

{d) The hysteresis loop of the core material has an area equal to 90 Wb-A/m’. 
What is the power loss due to the hysteresis in the transformer? Assume that 
the core has a cross-sectional area equal to 4 cm’, 


Figure P16.16 shows a magnetization curve of a core used in a transformer, Notice 
that the hysteresis is negligible in this case and that the curve is linear in the range 
O = |H| < 150 A/m but saturated when H is increased beyond this range. Let us 
now review Example 16.10. Because | V,| = wN,¥, we want to use maximum ¥ in 
order to minimize the number of coils in the transformer. Using Figure P16.16, 
explain what will happen to the shape of the Y(t) and consequently to the shape 
of V,()) if ¥ is too high—for example, if W is so high as to correspond lo B = 
1.2 Wb/m?. 

Estimate the approximate power loss attributed lo hysteresis in the ferrite core 
shown in Figure P16.9 if the core is switched back and forth between “zero” and 


“one” slates 1006 times in a second. Assume that the core has an average radiug of 
6 x 1077? mand that its cross-sectional area is 3 x 10°’ m’*. 


B (webers per square meter) 


yi 


2010) H (amperes 


_05 per meter] 


Figure P16.16 
-1.0 


Show that the mechanical torque required ta drive an ac generator is not constant 
with time or, to be exact, that it consists of » constant term and a term that varies 
sinusvidally with lime with an angular frequency 2w. What is the time average of the 
torque? Express the torque in terms of the area of the winding A, the current J, the 
magnetic flux density B, and the phase angle « between the voltage and the current. 
Plot T as a function of t for « = 0. 
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Figure 16.15 depicts an ac generator with a single coil being rotated in a constant 
magnetic field. It illustrates the operating principle of a single-phase ac generator. 
Lel us now consider a three-phase ac generator. How would you physically arrange 
three sets of coils in order lo generate three-phase electricity? To illustrate your 
design, sketch a diagram similar to Figure 16.15, 


What is the total mechanical torque needed tu drive the three-phase generator that 
you have designed for Problem 16.19? Express this torque as a function of time in 
terms of the appropriate parameters. Plot ‘I’ as a function of time, and compare it 
with that obtained in Problem 16.18. Is the instantaneous mechanical torque 
“smoother” (does its time-average value fluctuate less) compared with that for a 
single-phase generator? 


Design a coil configuration similar ta the one shown in Figure 16.17. Design it in such 
a way thal it will produce a rotating magnetic field in the armature-stator air gap and 
that the field will have an angular speed equal to w/2 when fed with the 3-phase 
current shown in Figure 16.18. Prove that your design is correct by drawing 
instantaneous-current diagrams similar to those shown in Figure 16.17. 


Show qualitalively that the torque generated by an induction motor may be varied by 
changing the resistance af the windings of the rotor. Figure 16,21 shows torque 
curves versus v,/v, with three different values of rotor conduclivities. What are the 
relative magnitudes of o,, 22, and a,? 


Refer to the synchronous motor shown in Figure 16.22. What happens when the 
torque angle is negative—that is, when the position of the rotor magnetic-moment is 
ahead of the magnetic field? 


Consider the coils of the magneplane’s track shown in Figure 16.25. For the 
magneplane to travel at a speed of 250 km/h, what should be the distance &, in 
meters? Assume that the power is provided by a three-phase 60-Hz power line. 
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For barger 5 (1- UV) should be smatter, or UF/y, shoal be closer to /. 


From, Figure 16.2), when /% close vol, 67 >0] »b3. 
/613 Té becomes a generator. 


L614 E150 emp, © 250K/0"/3b00 = 69. 44 Ys 
be = t/a V/E = 69.48/60 © 1.1597 m 
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AppendixE Answers to Odd-Numbered Problems 


Chapter 5 
Chapter 3 L.1(a)5 + j3 (b)11+j (e) -26 4+ j2 (dj) -2.2 -jid 2.3 cos wl; sins; 1 


1.5 t 2%e"") 4.7 proof 1.9 (a} V2 cos (« ' *) (b) 4 cas(wt + 0.8) 


(c) 3 cos (at +. 3) + 4 cos(wt + 0.8) 1.11 (a) ~6% + 59 + 28 
(b) ~ 108 + 13% 42 (c) -55 (d) 238 + 229 4 142 1.19 Proof 


1.15 1. [5% - ay + 2%) 1.17 Proof omitted 1.19 Proof omitted 
Vo3 

1.21 Proof omitted 1.23 ja|(3—-j4)R + 8(1 + j)Z] 1.26 (a)(-1+ /9)9 + (1 + j3) 

2 (b)2%+(1- fp +(1+ pe (©) -5 (dae - (1 + j3)9 + (-14 j3)% 1.27 

Sketch omilted F 


Chapter ¢ 
Chapter 2 2.1 —By% - 3x*f, 6% 2.9Proof 2.5 Proof 2.7No 2.8 Bly,t) = 0.3(k/w) cos 
(wt + ky)2 2.11 £, + E,,H, + H,B, + B,and D, + D,, superposition theorem 
2.13 Proof omitted 2.16 V x E = iwB,V x H = J - iwD,V-B=OandV-D-= 
6, 2.17 Proofomitted 2.192,2 2.21Proofomitted 2.23 U,/U, = 1.13 « 10’ 


Chapter 3 3.13.6 x 10°" Wim® 3.94 x 10%W 3.54.1 x 10%km 3.7(a)rad/sec (b)m~' 
(c)sec”' (d)see (e)m 3.9{a)2.63m [(b)0.7064m 43.11 Yes, - 2 direction, 


a ey: fe Ej2 3.13 No, Maxwell's equations not satisfied Chapter ’ 
V pote 2 2 
“9,15-(a) Right-hand circular polarization (b) Right-hand circular polarization 
(c) Left-hand elliptical polarization (d) Linear polarization 9.17 Proof 
omitted 3.19(a)1 (b)1 {c)1.58 (d)2.12 3.211.934 x 107° m, aluminum foil is 
about 96 thick 8.292.465 mWim’ 3.25(a)E, = e°°“e°®™ (b)H = 9(0.5 - j0.5) 
e°*—-*  (e) Sketch omitled (d) Sketch omitted 9.270.6 x 10 “m 


n 


Chapter 4 4161.9° 43fi)c (if (ib (ivja (v)d [vi)e 4.5 Yes. circular shape, Chapter 
0,3 a” on each surface [a is the length of each side of the cube.} 4.7 hevelled angle 


= 35°; 1 
mirror making 70° with Z axis; % polarized 4.9] E,,| = sl E,||1 — e-™* ¢™*|, 


V3 


160 


. 
3 = a - 
[Ex] ==] el] + 7 e**]. [Ep] = 0.5] yl) — ele" Ey, 


[ky]. + eo "Je-™™*" 4.41 fa) oe, (bh) 75 MHz 
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Chapter 5 


+ j3) 


Chapter 6 


Chapter 7 


ngie Chapter 8 


Sie] 
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ite fuslate ~ Hr 6) cyt fetuses - mses) 
e{ue — 45) wile =) 


4.15 (a) 80 cm in front of the plate . 
{h) 2 V/m 4.17 1.996 | E,| 419 H = le ae ace 
E’ - (% cos# — 2 sin®@) Hane haa H! = PHlye~ io teacone, 


E’ = —(% cos# + 2 sin6} Hyye" "where n - , /# 7 
€ 


4.21x = 0.87 m,y = 1.5m, 12.04dK 4.23 Proof omitted 


E E 
5.1 Proof 5.31.875kHz 5.5E = * E,e™,H = ~-p—e™ J, = -2— e* 
” 7 


E 
on lower plate, J, = 2—e” on upper plate 5.7 89.33 kW 5.9 Proof 
q 


5.11 5.26-10.52 GHz for 2.85 x 1.262 (cm) waveguide, 21.1-42.2 GHz for 0.711 x 
0.355 (crn) waveguide 5.131.318 MW 
5.15 E, = E, sin (wx/a) elie! 


H,, = (E,k,/wp) sin (rx/a) eo 
H, = (jE,z/lwpa)cos(xx/aje"* 5.21 Proof omitted 5.23 (0.866, 0.5, 2) 


5.170 = tan” '|na/mb) 5.19 5.83 GHz 


where k, = [w” xe — (x/a)*}!" Vv 
5.25 Proofomitted 5.27 A = 4.03% + 7.469 -92 5.29 (a) E' = p—e*", 
p 


x V. ’ 
ne Weal (b) Vo = Vola, ~ Molin + moh Vi = 2Vo milly + No) 
1 


2nV, 
O - ie 


V, 
6.1 2000V 6.3 (a,/a,} = (b,/b,) = ¥1000 6.5 J,-2—e I = 
ma " 


|v. | 


6.7 (a) | V(z}| = 2| V. || cos kz|,|I{z)| = 2 | sin kz | 


(b) Sketch omitted (c) © 6.9(a)2.96 (b)z = -0.35 (c) 24.5% 
6.110.342X 6.13d =0.250m 6.15(a)1.26 + ji.61 (b)0.54 (c)1 

6.17 (a) 0.67 + j1.33 (b)0.15 - j0.08 6.19 Proof omitted 6.21 14.2kW 
6.23 48.6% 6.25 Sketch omitted 6.27Sketchomitted 6.26 Sketch omitted 
8.31 Proof omitted 


7.1 (0.75, 0.433, 0.5) 7.3 Proof omitted 7.5% +0 = cos cogd, &- 6 = —sind, 9° f 
= sin@ sind, ¥ - 0 = cos# sing, 0 ' d = cosd, 2° f « cost,Z-d@ = -sin#,2-¢=0 
. ~ ike 

7.7 Proof amitted 7.9 Yes, improved to 18% 7.11 k= (-9) ane 

aX 
linear 7.13(a)0.314 V/m (b)0.628V/m (c)GV/m 7.15(a)1 (b)1.5 
(c)1.64 7.17 Six lobes; beam width «= 19.2° along @ = 0; beam width = 26.4° 
alongé = 41.8° 7.19 D=4 7,21Sketchomitted 7.23 (a) —90° (b) 6; 1.414; 0; 
1.414 Vim (c}Sketch omitted (d) Sketch omitted 


8.1 U,/U, ~ (kr)* << 1 8.3 When background is dark, one sees light scattered by 
the smoke particles. Blue light is scattered more strongly than red light. Against a 
bright background, one sees light passing through the smoke. The blue light gets 
scaltered, and red and yellow lights suffer less scatlering. 8.5 Proof omitted 
8.7360 kminradius 8.9 Train is moving toward the intersection. 8.11 Band- 
width = 59 kHz, 6.7 xs for1km resolution 6.13 Circular but opposite hand 


8.15 No 


Chapter 9 


Chapter 10 


Chapter 11 


Chapter 12 
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9.1 Exact: (a)5.5902 x 10°'°V (b) 5.54244 x 10° ““V Approximate: (a) 5.5426 x 
10°’V (b) 5.54256 x 10°“V 9.3.x = 1mplane,y = 1.5mplane 9.5 (-#) 


1.44 x 10°” 

———— Vim 9.7 hag omitted 9.9 Sketch omitted .11 (a) 4 = 
r 1 

(0. 0499) Vim (b) 4 oe ao 05) Vim (c) 0.2% 9.13 E = Oforr < 


aandh << r<c,E = tre <r<bandr>c 9.35 ay 
er 
[2 -e (+ 2r+ 2) 9.7 20 a (3e-! — 1) Hint: f dre "(1 + ni? = -e"e Cha| 
8.19 2 V, independent of sie 9.21 (a) 5 rm (b) —2— (c) oA C ee x) 
«c amet 4me\r oc Ob 
(d) a re: i) 9.23 (a) 4.03 x ‘6*C {b) 230 kV (c) 0.4 mA 
axe\u cb 


10.1 - oa 10.3 1.8 x 10°° N (attractive) 10.5 (a) r(2.47 = 10°) V/m 


(b) a x 1.27 10°°N (repulsive) (c) No 10.70.236mm 10.97 = + 3. 14 cm 
10.11 (a) vy) = 1.874 x 10’ m/s, Vp, = 1.867 x 10’ m/s, Vp, = —0.163 x 10’ m/s 
(b) x(t) = (8.78 x 10") - (0.163 x 10’)t m, z(t) = (1.867 x 10’)tin (c)x = ~3.52 


x10 ‘mz=3 x 10-*m ai 4+ & 
10.19 Proof omitted 10.15 5.3 = 10 °~ farad 10.17 (a) =( ta) 


{b) Q, = ae Ch = aoe. 10.19 2x | [2 1» (cla) + Lin (b/c) 
& 


€; + & 4 €, + € 2 
10.21 4.97 x 10 “] 10.28(a)Q’S/2Ac, (b) — Q*/2Ac, (attractive) 


11.16, = $+, 11.36 = Vin (bip)iin (bla) 11.5 (6) = Vein (tan 2 }{ 
8, 6, ' 
In (tan =F p, = Vee] (tan =) sino 41.712.3V 11.6 Sketch omitted 
Wa 17.5 pu F/m 11.13 —qfd* ~ a’\/[4ra{a* + d? — 2ad cos#)**| 
/d : , rs 

11.15 ae SK i H/d) +S asare R, = (r? + d® — 2rd cos6)"", 
4mc\R, dR, 4ner Che 

a‘ ra va ; P 
R,=|r') a 2 ed 14.17 (~)*/[2xe(d — b)] where d = a°/h, attractive 


11.19 (d/a)q?/[4we(d — bf], where d = a*/b, attractive 11.21 200 sin(29x/a) 


sinh{2ry/a)/sinh(2xb/a) Cha 
ay sin(nxx/a) sinh(nry/a) sin{ny/b] sinh(nwx/b) 
i} $$$ $$$$_$—$$<—_$_<$<— on amet Alloa Poememens enicialets 
iad a sap al sinh{nrb/a) " sinh(nwa/b) 
11,25 V Vy Vv oxV 
; 7 
(a) 2 ; . 4) {b = — (d) Q ~ ——*-f + ed) 
(: ) r ob (4 - 2) 1) 1) 1p (2 : 2) 
a ob a b, a ab 
Voto C arte, + €) 


(a) 


chi 


12.1C = Ale, + 62d, G = Ala, + o,)/2d; Cin parallel withG 12.3 (a) I In (a/p)/ 
In (bia) , inet 


a) ty 


(2x0,f) (b) 1 In (a/by(2x0,0) + Un (bip\(2x0,0) ey 


Chapter 13 


—— 


i Chapter 14 


Chapter 15 


Chapter {6 
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12.50.92 x 10 *mho/m 12.7 106 V 
dey 
12.9 ( = ) *% 100% 12.1112.32-m 12.13 Sketch omitted 
a +9 


(1 50 50 ) 
aT a. ee ee 
Poe (8 diy + 6 - tayld? + (70 - 70roldy'" | dfty + 6) + (7Oy 2)" 


where d = {(70)" + y’}'*, rg = (50)"/{(70)? + y*y" 


13.1 #2-V21/(xb) 13.3 H = (—x)Jy for|y| < . H = (-X)){d/2) fory > di2, 


H = % (d/2) for y <(-d/2) 13.5(a)O (b) No” ~ a*\{2xp(b* - a*)] (c) 2ap 
13.7 (a) (- 2)laldy\/[4e(u* + y*)"*] (b)[-2)U(4xa) (c)0 (d)(- 2)I/4xa) 
13.9 z = + 0.27 
13.11 Hay = 2 al 1 {" ox 


o [a* + (b ~ xP PF? 


Ib - a) f° dx 
Hy. = % aa =— ee 
BE 4 | - iy" + (b a)” 
Hep = PN 
I{b + a) {" dx 
Ho, = 2- ee 
- dn oly? + (b + af} 


1.13 2.8 MHz 13.15 (a)x = 0.04m,z = ~0.00725m (b)-20.5° 13.17 1.33 x 
10°* N/m (repulsive) 13.19 (a} Loop should be placed horizontally or vertically in 
the east-west direction (b)7.85 x 10°° N-m_ (ce) Vertically in north-south direction 


19.21 (a) H, = oP (i v, > (c)5 x 10°"H/im 13,23 2.74 x 10°* 
c c* In (o/b) c rn ai 


1 
ule/meter 13.25 £ — + In (bi oe 
iN le OT ee oe ae 


W4.1Sketch 14.30.21 weber/m*, 100 A/m 14.60.71 weber/m* 14.7 xy, = 1, 
Xa¥z = O, Xs¥y = 1, Xoo = OXY: = LY. = 1 XyYe— 1 14.94.233A 14.11 
8.32A 14.13 0.29 weber/m* 


158.1 E° ~ 0, ~ —$1, coslwt|/w; BY = —%Jwuz sin(wt)/w, H" ~ 0; E? = 0, 
H™ — § [wen (| Z costwl)/w: EB”! = &)w"u"e (| | 2 sin{wt)/w; H™ - 
15.3 Ui!) = sea 3] sin*(wt] 3} awe’, Ul! = 15.5 UP ~ 0, 


ali 
Uf) == = 5 cos"(wt)(wa) 


15.7 E'' = V, cos{at)/[p In [b/a}], I = 24 V8 cos(wt)/In (b/aj, QQ = 
2x Vek cos{wt)/In (b/a), I"! = —2eV kw sin(et}/In (b/a) 15.9 11.1 sec 


16.2301A 16.3 V, = 0.25 V.V, = —0.15V.V,= -0.25V 16.5 (a)0.125 mA 
(cluckwise) (b) V, = -0.25V; V, = -0.625V 16.758.9mV 

16.8(a) -0.12V (b)~0.012V 16.110.395 x 10°°N 16.13 (a}5A (b)5.97A 
16.15(a)20A (b)330cos(120mt) (c)19.78A (d)1.08W 16.170.16 mW 
18.19 Skatch omitted 16.21 Sketch omitted 18.29 It becomes a generator. 


